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TRACKING SYSTEM FOR TWO ASYNCHRONOUSLY SCANNING RADARS

1.0. INTRODUCTION

In the past a number of automatic detection and tracking systems, each using detections
from a single radar, have been constructed. This report describes a tracking system that
uses detections from two asynchronously scanning radars located in close proximity. The
radars used are the SPS-12 and SPS-39; provisions have been made to add the SPS-10 at a
later date. The general configuration is shown in Fig. 1. The detection and measurement
procedures for each radar are described in Refs. 1 and 2. In addition, Ref. 1 describes the
general operation of the system. The SPS-12 is a two-dimensional (2-D) radar with a scan
period of 6 s. The SPS-39 is a three-dimensional (3-D) radar with a scan period of 8 s
which operates in a special mode using only two beams and thus acts as a 2-D radar. This
is used to decrease the multipath fading when both radars are considered together. Also,
the operator can ask for height information on a specified target and then the SPS-39 will
perform an elevation scan over a small sector in azimuth about the target [1].

Fig. 1 - General configuration of the system

The tracking system, which is the topic of this report, resides in a minicomputer
(a Data General Nova 800).

Three types of tracks are considered: clutter points (or slowly moving targets), tar-
get tracks, and tentative (or new) tracks. The tracks are correlated or associated with the
detections from the radars. The tracks are smoothed, and each target's position is pre-
dicted for the next time the radar will be over the target. In order to reduce the number

Note: Manuscript submitted October 29, 1974.
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of correlations to be performed, the tracks are stored in 64 sectors, and only those
detections in the sector where the track is located and in neighboring sectors need be
considered.

Most of the single-radar tracking systems use the radar itself for a clock, since the
radar operates at a constant scanning rate. While this system is similar to other tracking
systems using a single radar, it differs from previous single-radar tracking systems in
timing, filter updating, and track initiation, and in the use of detections from two radars.
Section 2 defines the basic system parameters and discusses the basic routines.

2.0. TRACKING SYSTEMS STORAGE FILES AND BASIC ROUTINES

When a track is established in the software of the computer, it is convenient to assign
it a track number. With this system, all parameters associated with a given track are
referred to by this track number. Each track number is also assigned a sector (region of
space in azimuth) such that the correlation process (described in Sees. 4 and 5) can be
performed efficiently. In addition to the track files, a clutter map is maintained. A
clutter number is assigned to each stationary or very slowly moving target. All parameters
associated with a clutter point are referred to by this clutter number. Again, each clutter
number is assigned a sector in azimuth for efficient correlation.

The input data bank, which includes detection measurements and control parameters
from the radars, is described in section 2.4. Most of the remaining parameters are listed,
along with the previously defined parameters, in section 2.6. Finanly, two short routines
are described: the smoothing filter and the calculation of detection time.

2.1. Track and Clutter Number Files

The track and clutter number files are the same as those described by Richeson of
APL [3]. The parameters required for the files are listed below.

Parameters Description

NT
DROPT
FULLT
NEXTT
LASTT

LISTT (256)

NC
DROPC
FULLC
NEXTC
LASTC

LISTC (256)

Track number
1 (obtain) or 0 (drop) a track number NT
Number of available track numbers
Next track number available
Last track number not being used
File whose 256 locations correspond to track numbers

Clutter number
1 (obtain) or 0 (drop) a clutter number NC
Number of available clutter numbers
Next clutter number available
Last clutter number not being used
File whose 256 locations correspond to clutter numbers

2
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Only the operation of the track number file is described, since the clutter number file's
operation is identical.

The track number file is begun by setting LISTT (I) = I + 1 for I = 1 through 255.
LISTT (256) is set equal to zero (denoting the last available track number in the file),
NEXTT = I (the next available track number), LASTT = 256 (the last track number not
being used), and FULLT = 255 (indication that 255 track numbers are available). A flow-
chart of the operation is shown in Fig. 2, and the subroutines TRKNO (NT, DROPT) and
CLTNO (NC, DROPO) appear in Appendix A.

( ENTER)

LISTT (LASTT) = NT
YESTT = LISTT (NT) =0

LASTT= NT

FULLTF= FULLT-1

Fig. 2 -Flowchart for track number file,
subroutine TRKNO (NT, DROPT)

When a new track number is requested, DROPT is set equal to one, and the system
checks to see if FULLT is zero. If FULLT is not equal to zero the routine is called.
Since DROPT = 1, the new track is assigned the next available track number; i.e., NT =
NEXTT. The next available track number in the list is found, and NEXTT is set equal
to LISTT (NT). FULLT is decremented, indicating that one less track number is available.
Finally, LISTT (NT) is set equal to 512 (a number larger than the number of possible
Lac).o 1.JiD io nut 1LP butL biips I UAd UUgL1i urc ar ugiwil.
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A track number is dropped (DROPT = 0) by setting the last available track number
LISTT (LASTT) equal to the track number NT, which is dropped. LISTT (NT) is set
equal to zero to denote the last track number, and LASTT is then set equal to the track
number being dropped, LASTT = NT. The parameter FULLT is incremented, indicating
that one more track number is available.

The track and clutter number files maintain a linkage fron one number to the next,
and they operate very rapidly, eliminating searching techniques.

2.2 Track and Clutter Parameter Files

Parameters associated with a given track number are listed below. Parameter TF (NT)

Parameter Description

NR (NT)
RS (NT)
AS (NT)

VRS (NT)
VAS (NT)
RPT (NT)
AjT (NT)
ES (NT)

TT12 (NT)
TT39 (NT)
TT (NT)
TF (NT)

TTL12 (NT)
TTL39 (NT)

KS (NT)
OUT (NT)

RPC (NC)
APC (NC)

TC12 (NC)
TC39 (NC)

Smoothed range stored every 8 scans of SPS-39
Smoothed range position x (k)
Smoothed azimuth position x s
Smoothed range velocity ,
Smoothed azimuth velocity . ¼( R
Predicted range position t 01j
Predicted azimuth position j )
Elevation angle
Last time the SPS-12 updated the target
Last time the SPS-39 updated the target
Last time the target was updated
Time of targets first detection/Elevation scan parameter
Next time the SPS-1 2 will see the target
Next time the SPS-39 will see the target
o firm track, 1 tentative track
Output for display

Point clutter's range
Point clutter's azimuth
Last time the SPS-12 updated the clutter
Last time the SPS-39 updated the clutter

is used to store the time of the first detection until a firm track has been established.
After a track has been established, it is used as a counter to determine on what scan of
the SPS-39 an elevation scan will be performed on the target.

The parameter OUT (NT) is used for the display. Its format is listed as follows:

4
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Bit Condition

0 0 valid track; 1 invalid
1 1 if SPS-12 is detecting a target
2 1 if SPS-39 is detecting a target
3 1 if SPS-10 is detecting a target
4 1 if IFF is detecting a target
5 1 if the track is being handed off
6 1 if elevation information is requested.

2.3. Track Number Assignment to Azimuth Sector Files

The azimuth-range plane is separated into 64 equal azimuth sectors, each of 5.625°.
After a track is updated or initiated, the predicted position of the target is checked to
see which sector it occupies, and the track is assigned to this sector. If the track is dropped
or moves to a new sector, it is dropped out of the sector in which it was previously located.
The parameters associated with sector files are listed below. Only the assignment of track

Parameter Description

TBX (I) First track number in sector I (a subscript of array IDT)
IiDT (256) Each location corresponds to a track number, and the location

contains the next track number in sector I or a zero.

CBX (I) First clutter number in sector I (a subscript of array IDC)
IDC (256) Each location corresponds to a clutter number, and the

location contains the next clutter number in sector I or a
zero.

numbers to azimuth cells is described, since the clutter number assignment is identical,
and the process is essenti5a lly the saeas described in Rel. 3. -1hne TEX (I) file contains
the first track number in sector L If TBX (I) = 0, there are no tracks in sector L The
IDT (256) file has storage locations corresponding to each of the possible 256 track
numbers. The first track number in sector I is obtained from FIRST = TBX (I). The
second track number in the sector is obtained by NEXT1 = IDT (FIRST). The next track
number in the sector is obtained by NEXT2 = IDT (NEXTI). This process is continued
until a zero is encountered, indicating that there are no more track numbers in the sector.

When a new track is added or a track moves from one sector to another, a track
number must be added to the sector. The flowchart for achieving this is shown in Fig
3. The first track number in the sector is stored, the track number NT being added is
made the first track number in the sector, and the track number NT in the IDT (NT)
file is made equal to the original first track number in the sector. This procedure is
essentially a push-down stack, pushing the older track numbers further down in the file.

5
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Fig. 3 - Adding a track number NT
to sector I, subroutine TNEW (NT, I)

When a track is dropped or moves out of the sector, the track number must be
removed from the sector. The flow diagram for this is shown in Fig. 4. First, it is
determined whether the first track number in the sector TBX (I) is the one being dropped.
If it is, the first track number in the sector is set equal to the second track number in
the sector, and the location in the IDT file corresponding to the track number NT being
dropped is set to zero. NT is set equal to the track number in the file following the one
just dropped, so that we now have the next available track number. If the track number
being dropped is not the first one in the file, then the push-down stack IDT (NLM is
searched sequentially until the track number is found. The variable IDT (NL) containing
NT as the next track number is replaced by the next track number following NT, and the
variable in the IDT file corresponding to NT is set equal to zero. Again, NT is set equal
to the track number in the file after the one being dropped.

The subroutines are given in Appendix B.

2.4. Input Data Bank

The basic input data from the radars can be broken into two categories; radar
measurements and control parameters. The parameters associated with the input data are
listed below. The input data to the SPS-12 will be discussed first. Two small buffers are

Input
Parameters Description

RTMA192 t P()ange measurement roff SPS129 Wbh dAetectin"

AM12 (K) Azimuth measurement off SPS-12, Kth detection
TM12 (K) TEme of measurement off SPS-12, Kth detection

TAG12 (K) Used in program (0 no correlation, 1 correlation)

(Con't)
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Description

RM39 (L)
AM39 (L)
TM39 (L)

TAG39 (L)
EM39 (L)

MRK12 (I)
NP12 (I)
NB12 (I)

*i *0 I in
112T

MRK39 (J)
NP39 (J)
NB12 (J)

P3912 (J)
139T

Range measurement oil SPb-69, Lth detection
Azimuth measurement off SPS-39, Lth detection
Time of measurement off SPS-39, Lth detection
Used in program (0 no correlation, 1 correlation)
Elevation measurement off SPS-39, Lth detection

Time the SPS-12 crosses the Ith sector
Position of pointer in buffer at Ith sector crossing
Number of detections in buffer in the Ith sector
PD it+nn nf SP O=3a -rl xon QVS itO crne ac Wh 1+h vac'+n

Sector SPS-12 last crossed
Time the SPS-39 crosses the Jth sector
Position of pointer in buffer at Jth sector crossing
Number of detections in buffer in the Jth sector
Position of SPS-12 when SPS-39 crosses the Jth sector
Sector SPS-39 last crossed.

external to the computer. On each range sweep of the radar one buffer is accepting data
nn Adtecrtinns, nnd tihe nother is reading the dntn nrrc-.umiintnd in it, durin0 the nreviniis

sweep. The buffers alternate on each range sweep of the radar. A binary counter that
counts from K =0 through 255 is used. Each time the data block RM12 (K), AM12
(K), TM12 (K) is read via a DMA (direct memory access) channel into the computer the
counter is incremented by one. I'he counter total plus some prefixed constant represents
the core location of each detection measurement in the computer. When the counter
reaches 255 the next count goes to zero, and the counter is recycled. If the tracking
system is working reasonably close behind the radar the data are never written over be-
fore being used. The timing and control parameters are discussed next.

There exist 64 equally spaced azimuth sectors of 5.6250, i.e., I = 1 through 64. As
the radar crosses a sector boundary, five parameters associated with the Ith sector are read
into the computer. The parameters are the time the SPS-12 crossed the Ith sector boundary
MRK12 (I), the value of the binary counter used for addressing the input data NP12 (I),
the number of target reports that occurred in the Ith sector NB12 (I), the position of the
SPS-39 at the sector boundary P1239 (1), and the sector number I12T.

The data for the SPS-39 are read into the computer in the same manner but through
a separate system. All data are read through a daisy-chain priority DMA channel with the
SPS-12 sector information having top priority, followed by SPS-39 sector information,
SPS-12 detection data, and SPS-39 detection data.

The clock used is a 15-bit binary counter that counts every 8 ins. The clock counts
through approximately 4.4 min. before recycling. Nothing in the program is ever referenced
beyond about 1 min in the past, and therefore clock recycling can easily be detected and
compensated for.

7
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Fig. 4 - Dropping a track number NR from sector 1, subroutine TDROP (NT, I)

8
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The word TAG12 (K) or TAG39 (L) is used in the program to indicate whether the
Kth detection from the SPS-12 or the Lth detection from the SPS-39 correlated with a
track or not. It takes on value zero or one.

2.5. Modulo Arithmetic

The external clock just discussed recycles about every 4.4 min. Every time parameter
in the program is referred to this clock. In addition, the azimuth recycles every 360°. In
order to appropriately handle these conditions in the program, modulo arithmetic is used.
Consider the addition of two numbers A @D B. If A E B is greater than the modulus, the
modulus is subtracted from the sum. For a 15-bit representation of a number, A and B
are both divided by two, then added using a modulus of 14 bits. The result is multiplied
by two to achieve the 15-bit representation. This procedure is required to keep the
machine from overflowing.

In the case of subtraction, A ( B, the result should be small relative to the modulus.
A large result implies a wraparound problem. A large positive result requires the sub-
traction of the modulus, a large negative result requires the addition of the modulus. Since
only positive values are subtracted, overflow is not a problem.

2.6. Other Parameters

Other parameters used in the program are listed in this section. These include display,
elevation scan, status, program, and dummy parameters. Some of these parameters are
self-explanatory. Others will be described more thoroughly in later sections.

The program-related parameters are as follows.

Parameter Description

I12D Sector in which tracks are presently being updated by SPS-12
I39D Sector in which tracks are nresently heing updated by SPS-39

V12 Rotational velocity of SPS-12
V39 Rotational velocity of SPS-39

VRMIN Range velocity for determination of target or clutter
VAMIN Azimuth velocity for determination of target or clutter

TCMAX Time a clutter is kept without an update
TTMAX Time a track is kept without an update
TTLAG TTMAX + e for modulo clock

TNMAX Time a tentative track is kept without an update
TFIX Time after an initial detection before a decision is made

(Con't)

9

......



CANTRELL, TRUNK, AND WILSON

Parameter

KONST

CRC
CAC

CRT (8, 2)
CAT (8, 2, 16)

RALPA (128)
AALPA (128)
nrLImA /1 fLfL\
nABELTlA (12O)
ABE3TA (128)

Description

Large number for determining a correlation

Range correlation region size for clutters
Azimuth correlation region size for clutters
Range correlation region size for tracks*
Azimuth correlation region size for tracks*

Range filter smoothing parameter a (time)
Azimuth filter smoothing parameter a (time)
Range flter smnoothing parameter p (time)
Azimuth filter smoothing parameter (3 (time)

*Function of time since last update, whether tentative or firm track, and range (only in azinuth),

The status parameters are

Description

NTARGET, number of target tracks
Total number of tracks
Number of clutter points
NCATCH, number of times ALPNM is called per scan

(proportional to free processing time)
I12DEL, present sector lag on SPS-12
NELEV, number of targets in elevation search
ISKIP; 1 indicates that sectors have been skipped on this

sean;

*ISTA (8) to ISTA (12) are not presently used.

The alphanumeric parameters are listed here.

Description

Operational code specifying request
Parameter stating information about request
Parameter stating informat on about request
Number of targets that fulfill request
Track numbers that fulfill request
Track number of target being handed off to the tracking

radar
Restart sector if NUM > 32

10

Parameter*

ISTA (1)
ISTA (2)
ISTA (3)
ISTA (4)

ISTA (5)
ISTA (6)
ISTA (7)

Parameter

IOPER
IPARI
IPAR2
NUM

JTAR (32)
NHAND

ISTART
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An elevation search is performed every four scans for the specified target. The
elevation pw.a tUrs are a f-l-o.

Parameter Description

NDESTAR (4)

IAZIM (16)

NTARPR (8)

NCOUNT

Track numbers of targets designated by radar operator
on present scan for elevation searches on the next scan

Eight azimuth-range pairs designated to SPS-39 in order
to perform elevation search

Previously designated track numbers on which elevation
searches will be performed on next scan

Number of previously designated targets for which
elevation searches are requested on the next scan

The following are dummy parameters often used in the system.

Parameter Description

RM Measured range of target corresponding to track or clutter
AM Measured azimuth of target corresponding to track or clutter
TH Measured time of detection corresponding to track or clutter

NDEL 1 Time difference
NDEL 2 Time difference

D Distance from predicted position to nearest detection under
correlation or equal to KONST

flI Tistance from predicted position to detection under
correlation

DELR Difference between predicted position and target report
in range

DELA Difference between predicted position and target report
in azimuth

ISECT Sector location
IFLIP 0 or 1, denoting correlation with firm or tentative tracks

The value of the least significant bit for certain parameterc sre

Parameters Least Significant Bit

Range positions
Azimuth positions
Range velocity
Azimuth velocity
Time

31.25 ft
0.0109860
0.125 ft/s.
0.000244 deg/s.
0.008 s.

11
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2.7. Smoothing Filter

A track is updated by computing a smoothed position and velocity. Then its position
for the next update is computed. The filter used is an a - ,3 filter 141:

x8 (k/ = xp (kt) + a[xm(k) - xp (}}

uS (k) = v, (k - 1) + fl[xmf(k) - xp(k)IITI

where

xp (k + 1) = x5 (k) + uv(k)T 2 (computed elsewhere) and

T- = DELT, time between current time and last update,

T2 = time between current time and next update.

The internal parameter names for x (kit), u8 (kt), and xp (I + 1) are given on page 4 for
both range and azimuth. The values of a and A are given as a function of time according
W the Eq. [41.

a= 1 -2tWOT
2~~wo~~~l 4WOT, ~~~(2)

= 1 + e- - 2 e4 %Ti cos wdTl

where ¢ and w0 are constants, and wd is the damped natural frequency. The values a and
j are stored in tables as a function of T1 , where T1 is made an integer value using different
stepping intervals for different regions of T1 . The parameters used in the routine for a and
0 are shown on pages 9 and 10, and the subroutine is shown in Appendix C along with the
values of a and f used.

There are several precautionary notes. First, roundoff error and overflow conditions
must be considered in the routine. Second, the azimuth wraparound problem must be
handled.

2.8. Calculation of Time Until Next Update

Given that a track has just been updated (or an update has been attempted) with a
detection from the SPS-12, subroutine TME12 (TH, T2, NT) is called. The subroutine
answers two questions. The first is, at what time does the SPS-12 see the target again?
This is estimated by dividing an azimuth of 36O0 by the difference between the azimuth
velocity of the radar V12 and the azimuth velocity of the target VAS (NT). This result
is added to current time TH to give the desired result, TTL12 (NT). A similar calculation
is made when a track is being updated with measurements from the SPS-39 in subroutine
TMES9 (TH- To. NT) to obtain TTL39 (NT).

12
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The second question is, How much time T2 will elapse between the current time TH
and the time the next radar has the opportunity to detect the target? In TME12 (TH,
T2, NT) TTL12 (NT) has just been computed, and TTL39 (NT) is known. The current
time is subtracted from both quantities, and the minimum difference is taken as T 2 ,
defined as the increment in time between the time the target will next be updated and
the current time. The current time TH is approximated by taking the time of the
sector crossing MRK12 (I) for the sector in which the target lies. Similar calculations
are made with TME39 (TH, T2, NT). The routines are shown in Appendix D.

3.0. EXECUTIVE

TIhe executive controls the basic timing of the program and interfaces the program
with some of the external functions. The basic flowchart of the executive is shown in
Fig. 5, and the routine is in Appendix E. When the system is turned on, files are
initiated, and the system waits until the SPS-12 leads the SPS-39 by between 4 and 40
sectors. Tnen 112D is set equal to Ii2T, ±39D is set equal to I39T, and the system jumps
to the starting point in the executive. The valves of 112T and 112D run from 0 through
63 and represent the last sector crossing of the SPS-12 and the next sector to be updated
on the SPS-12, respectively. If I12DEL = 112T 0 I12D* is greater than 20 we say the
system is overflowing (processing lagging too far behind the radar). In this case new
update times for each track are computed in the sectors skipped, and the system returns
to the beginning of the executive. This essentially ignores all the data in these sectors;
the tracks are not updated. If I12DEL is less than 5 the program is said to be "caught
up." Operator requests are accepted, and data are output to the alphanumeric display.
The pnrnmeter I19DEL is a measure of the processing lag behind the rado The proc
essing lag is monitored only for the SPS-12 radar, since it is rotating faster than the
SPS-39. The basic timing of the program will be examined next.

First, a simple example: Consider two radars rotating at identical speeds separated
by 1800 in azimuth. The ideal manner of processing would be to update simultaneously
tracks separated by 1800 with detections from each radar. Because of the sequential
nature of computer processing, simultaneous updating is impossible. Therefore, tracks
are alternately updated with detections from each radar. Now let the radars rotate at
different speeds. If the sector to be next updated by detections from each radar is II2D
for the SPS-12, and I39D for the SPS-39, the sector farthest back in time is updated
first. When the two radars are near each other but not in the sector in which they cross,
this method always keeps the detections that occurred first, updating the tracks before
later detections are considered. In the crossing sector an inversion can occur; that is,
later detections undate the tracks hefnre d-letee-tinnc nrolnrinr anrliar ro. Hnronavrr this
inversion occurs over a very short time interval and in different sectors on a scan-to-scan
basis. If a target is detected on both radars in the crossing sector, both detections are
used to update the track. However, if the filter is carefully examined, the first detection
processed, even if a time inversion has occurred, will be given significant weight. The
second one will be given essentially zero weight. This does not adversely affect the track
unless the time inversion is long, a situation that is impossible. If a detection occurs on
one radar and not the other or none on either one, the track update is not affected.

*0.0 denotes mod1uln arithmetic
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Fig. 5 - Flowchart of the executive, subroutine

From Fig. 5, the indices of MRK12 (.) and MRK39 (.) run from 1 to 64 while 112D
and 139D run from 0 to 63. Therefore, it is necessary to add one to I 2D and 139D when
computing the time difference IDIF = MRK12 (I12D + 1) - MRKS9 (139D + 1). The
recycling of the clock is neglected for the moment, and if IDIF > 0, detections from the
SPS-39 are used to update tracks in sector 13911, since they, occurred earlier than those in
sector 112D of the SPS-12. The clock recycling problem is solved as follows. The sector
crossing times MRK12 (I12D + 1) and MRK39 (139D + 1) are fairly close together in real

14



NRL REPORT 7841

time, and if the times are on opposite sides of zero on the clock, the magnitude of the
difference is much larger than 16,384.* By considering the sign on IDIF we can determine
which detections (SPS-12 or SPS-39) occurred earlier in time, in order to choose which
radar will update the tracks next.

Once the radar has been chosen, the clutter routine is called. The clutter routine
operates one sector in E.a -Sva L.e .f .he…utI. /T coun lffl ¶. .1o lOzD cI) ald removes
from the detector file all detections that correlate with the point clutters. Then, in the
tracking routine, the remaining detections are used to update first the target tracks and
then the tentative tracks in the current sector (112D or I39D). Finally in the track-
initiating routine, all detections in the sector behind the sector counter (I12D 0 1 or
139D 0 1) that have not correlated with either point clutters, target tracks, or tentative
tracks are used to initiate tentative tracks. The sector counter (112D or I39D) is incremented,
and the routine returns to the beginning of the executive to determine which sector will
be updated next, and by which radar. In essence, the executive closely updates tracks
w-ith rn+PeM-innc nrrclrrina caquntinall in time.

4.0. CLUTTER MAP

The clutter map, subroutine MAP12, removes from the radar detections associated
with point clutters or slowly moving targets. The flowchart for the clutter map using
detections from the SPS-12 is shown in Fig. 6.

The clutter map operates one sector in advance of the sector location I12D (where
tracks are to be updated), and all detections from the SPS-12 associated with clutter
points are removed before any tracks are updated. The clutter numbers in the clutter
sector files are called up one by one to be updated. The following time differences are
calculated for each clutter point: time since last update by SPS-12, given by MRK12
(112D + 1) - TC12 (NC), and time since last update by SPS-39, given by MRK12 (112D
+ 1) - TC39 (NC). If both the time differences exceed 40 s, the point clutter is dropped
from the clutter number and sector files, and the next clutter number in the sector is
obtained. If the clutter point has been updated by the SPS-12 within the last second,
then it has been updated by the SPS-12 on the current scan of the radar and is being
considered again because it has changed sectors. In this case, the clutter point is ignored
and the next clutter point is obtained. If, as is the usual case, the clutter point has been
recently updated, but not on the current scan of the SPS-12, the clutter number 6b
presented to the correlation part of the clutter map.

The correlator attempts to correlate each clutter point in sector 112D E 1 with all
detections in sectors I12D, I12D1 e 1, and 112D S 2. A detection is said to correlate with
a clutter point if the distance DELR, which is the difference between the range to the
clutter point and the range to the detector, is less than some distance CRC and if the
angle DELA, which is the difference between the azimuth angle of the clutter point and
the azimuth angle of the detection, is less than some angle CAC. If the detection doe4

*The clock recycles every 32,768 counts (215).
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1

Fig. 6- Flowchart for clutter map for detections, subroutine MAP12 sub TRK12
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not correlate with the clutter point, the next detection is examined. If the detection does
correlste, the effective distance NT of the detection from the clutter point is calculated
from

I=( DELR) 2 / DELA\ 2

CRC ) CAC /
The detection that correlates with clutter and has minimum effective distance is the one
chosen to update the clutter point.

Aniy UCLWtCUIII Lidtb correlates w±ivu a cluteAUr puinit is iemIuveu nIuni hUe 1input uuiLeL
file as follows: The location of the parameters of the first detection in a sector I is con-
tained in NP12 (1), and the number of detection is contained in NB12 (1). A detection
is removed from the sector by replacing its parameters of range, azimuth, and time by
the parameters of the last valid detection in the sector, and decrementing the contents
of NBI2 (I) by one. In this manner all good detections in a sector are listed sequentially
from the core locations of the first detection in the sector through the number of good
detections left.

When A detection iinrupts n clutter, the meniinrerl nnpitinnc nnd t;me p-f the drfntoninn
are stored in RPC (NC), APC (NC), and TC12 (NC). If the clutter changes sectors, the
clutter number is dropped out of the current clutter sector file and reinserted in the
correct sector file. Whether a clutter point is updated or not, after all good detections
have been examined, the next clutter number is obtained for processing. After all clutter
points lying in this sector 112D a 1 have been processed, the routine attempts to update
tracks in sector I12D. The flow diagram for MAP39 is identical except that detections
from the SPS-39 are used to update the clutter points.

In summary, the clutter file stores the locations of the Doint clutters or slowlv
moving targets and removes the detection from the radars associated with them. If too
long a time has elapsed between updates the clutter point is dropped. The subroutines
MAP12 and MAP39 are shown in Appendix F. Note the handling of the wraparound
problem with the clock and in azimuth.

5.0. TRACK UPDATING

The tracks are updated in routines TRK12 and TRR39. The flow diagram for track
updating by using detections from the SPS-12 is shown in Fig. 7.

A track number is obtained from the track sector files, and a filtering process takes
place. First, all tentative tracks [KT (NT) = 1] are skipped until all target tracks [KT
(NT) = 03 are processed; the tentative tracks are processed on a second pass through the
track sector files. Second, all tracks whose predicted time of updating [TTL12 (NT)] is
more than 1.2 away from the time of the sector crossing [MRK12 (112D)] are skipped,
on the assumption that they have just been updated on the current scan and have been
obtained for processing because they have changed sectors. The track is now ready for
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correlation. The correlator is similar to the clutter correlator described previously. The
correlator attempts to correlate each track in sector 112D with all detections remaining
in sectors 112D1 0 1, I12D, I12D w 1, and 112D a 2. A detection is said to correlate
with a track if the distance DELR (Ipredicted track range minus detection range I) is less
than the distance CRT (., .), and if the angle DELA (Ipredicted track azimuth minus
detection azimuth I) is less than CAT (., ., .). CRT (., .) is a function of the time since
last update of this track and whether the track is tentative or a target, and CAT (., ., .)
is a function of time, whether the track is tentative or a target, and the range to the
predicted track. If the detection does not correlate with the track, the next detection is
examined. If the detection does correlate with the track, the effective distance DI of the
detection is calculated from

I DELR _ 2 ( DELA \2
CRT (., .) / 1CAT (., ., .)

Each detection that correlates with a track is indicated by setting TAG12 (.) equal
to one. After all detections have been processed with a track, the detection with the
minimum effective distance is used to update the track, and that detection is dropped
from the detection files. Any other detections that correlate with the track remain in the
detection files to update other tracks but cannot be used to initiate new tracks. When a
track is updated, subroutine FILTR (Sec. 2.7 and Appendix C) is entered, and the smoothed
track parameters are generated. Then subroutine TME12 (Sec. 2.8 and Appendix D) is
entered, and the elapsed time until the next opportunity to update this track is calculated.
'T.Iis time iM used in nnitinn aeth the soothe positin. parever .a-iA ielocities to gon.
erate the predicted positions of the track at the next opportunity to update. If the motion
of the track places the track in another sector, the track number is removed from the cur-
rent sector of the track files and is inserted in the appropriate sector. If the track being
updated is tentative, the elasped time since initiation of the track is checked. If this time
is less than 16 s, the track is checked for a sector change, and the next track is obtained.

If the time is more than 16 s, the filter has had time to settle down, and the
smoothed velocity is assumed accurate enough to differentiate between target and clutter
points. If the smoothed velocity - is.., l -o -enogh(rn-gei vPloit f knots, im-4-

j~t4LLJO. Li UI'~ LIIi'JL'ZVL VOtJ .LU34OL 1UVY C11XJ~ kL411 IWIU YViUib_ LL ii UL V fIIVUti, 0.LJIUL"II

velocity of 0.2 deg/s) the tentative track is placed in the clutter map (if unused clutter
numbers exist). Fast-moving tentative tracks are confirmed as target tracks by setting
KT (NT) equal to zero. Again the predicted position is checked for a sector change, and
the next track is obtained for processing.

If a track does not correlate with any detection, the disposition of the track depends
on the type of track and the time since it was last updated. The time of the next op-
portunity to update is calculated. If the difference between this time and the time of
the Ingt update is greater than 17 s for a tentative track or 40 s #noe n-t-a+ track, the track
is dropped by removing the track number from the track number files. If the time since
the last update is small the track is "coasted" i.e., the predicted position at the time of
the next update is calculated using the smoothed parameters at the time of the last up-
date. The track is checked for a sector change, and the next track number is obtained.
The tracking part of the program is terminated after all tracks in the sector have been
processed.

19



CANTRELL, TRUNK, AND WILSON

The routine TRK39 is almost identical to TRKI2. It uses detections from the SPS-
39 rather than the SPS-12. No filter is used in elevation, and the last measured elevation
is stored. Every eight scans the routine checks the range velocity of a target track by
using the current range and the range eight scans previously and decides if the target track
is a point clutter. The display information is set in TRK39.

In summary, tracks are designated as target tracks or tentative tracks. No track is
allowed to be updated by the same radar more than once in a scan. No detection is
allowed to update more than one track, and any detection which correlates with any
track is not allowed to initiate a new track. When a track is associated with a detection,
the track is updated and its position is predicted ahead to the time of the next opportunity
to update the track. When a detection does not correlate with the track, the track is not
updated; however, its position is still predicted ahead to the time of the next opportunity
to update. The subroutines TRKI2 and TRK39 are shown in Appendix G.

6.0. TRACK INITIATION

After all the clutter points and tracks have been updated with the detections, the
remaining detections are used to initiate new tracks. The flow diagram for initiating
tracks from the detections from the SPS-12 radar is shown in Fig. 8.

Tracks are initiated one sector behind the sector in which tracks are updated. This
ensures that all tracks have been updated before the remaining detections are used for -

initiating tracks. Each detection remaining in this sector is obtained from the input data
bank. The detection is checked to see if it has ever been correlated with a track by
looking at TAG12 (.) If it has, no action is taken. If it has not, a track is initiated, if
track numbers are available.

A track is initiated by assigning a track number, setting the predicted and smoothed
positions equal to the detection positions, and setting the velocities equal to zero. The
track is made a tentative track and placed in the sector it was detected in. All times
except the ones described below are set equal to the time of detection. The value of
TT39 (NT) is set TTLAG seconds behind the time of detection to indicate that the SPS-
39 radar has not yet updated the track. The times TTL12 (NT) and TTL39 (NT), which
denote the next time each radar will see the target, are set.

In summary, one sector behind the sector of track updates, NEW12 initiates tracks
for detections which have never been correlated. NEW39 performs the same operation
with detections left from SPS-39 radar. The subroutines NEW12 and NEW39 are shown
in Appendix H.

7.0. ALPHANUMERIC DISPLAY

Data requests for the alphanumeric display are processed by subroutine ALPNM.
This routine is called by EXCUT on an available-time basis, i.e., when all available tracks
four sectors behind the radar have been processed. The general operation of ALPNM is
described in See. 7.1, and the specific operator requests are described in Sec. 7.2.
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Fig. 8 - Initiatn of new tracks, subroutine MEL'11 2
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7.1. General Operation

The radar operator enters three parameters (LOPER, IPARI, and IPAR2) via a DMA
channel. LOPER is presently a number between 0 and 7 specifying a request, and IPARI
and IPAR2 are parameters stating information about the request. After the request has
been processed LOPER is set to -1, NUM is the number of data words that fulfull the
request, and JTAR (32) represents the output data words. JTAR contains either six
target parameters for a specified target or the track numbers that fulfill a request. It
should be noted that inside the computer, track numbers run I to 256, whereas on the
outside (display) they run 0 to 255. If more than 32 numbers fulfill a request, NUM is
set to 255 and ISTART is set to an appropriate value so that the remaining track numbers
can be given when the operator repeats his request.

Approximately every half second the display equipment interrogates the location
LOPER to see if it has been reset to -1, signifying completion. When a -I is found, the
appropriate values, NUM and JTAR (i, are read via a DMA. The detailed operating of
the display equipment will be presented in a forthcoming report.

7.2. Operator Requests

The appropriate parameters for the different operator requests are given in the fol-
lowing list.

LOPER = 0 Target handoff
IPARI = track number
IPAR2 = 1 means end handoff request

LOPER = 1 List targets within an azimuth interval
IPAR1 = first azimuth
IPAR2 = second azimuth

LOPER = 2 List targets inside or outside a designated range
IPARI = range
JPAR2 = 1 (inside) or 2 (outside)

IOPER = 3 List target parameters
IPARI = track number

LOPER = 4 List all targets

1OPER = 5 List tentative tracks

LOPER = 6 List high-closing-velocity targets
IPARI = velocity

LOPER = 7 List targets under elevation search
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The output parameters for IOPER = 0 or 3 are

NUM = 6
JTAR (1) = smooth range
JTAR (2) = smooth azimuth
JTAR (3) = elevation
JTAR (4) = last update time
JTAR (5) = smooth range velocity
JTAR (6) = smooth azimuth velocity.

The output parameters for all other requests are

NUM = number of tracks
JTAR (1) = track number

JTAR (NUM) = track number.

All searches are performed by searching through all sectors using the track map TBX (.)
and the track indicator IDT (.).

8.0. ELEVATION SEARCHES

Azimuth angles at which the SPS-39 will perform elevation scans are calculated by
subroutine ELEV. Subroutine ELEV is called by EXCUT once per scan of the SPS-39,
approximately when the SPS-39 crosses its 61st azimuth sector. When the SPS-39 goes
through a0, azimuth-range pairs for elevation scans are written via a DMA from the com-
puter into a shift register. The radar azimuth converter is compared to the designated
azimuth. When the two are equal, four elevation scans are performed (this covers approx-
imatplv 70 of azimuth), and detections are made in a range interval centered at the
designated range. There can be as many as eight designated azimuths per scan.

8.1. Designated Targets

Elevation scans are performed on two types of targets: those the operator has just
designated and those that have been previously designated. The operator either designates
new targets or drops old targets by entering coded track numbers into NDESTAR (4).
The eight least simnifiennt bits repnreent the track number, and the ninth hit is 1 if a
target is newly designated and 0 if a target is to be dropped. If a target number NT is
designated, NT is stored in NTEMP (.), and TF (NT) is set to 4. NTEMP (.) is a storage
area for the track numbers on which elevation scans are to be performed, and TF (.) is
a counter that indicates how many SPS-39 scans occur before the next elevation scan on
this target. Every time one attempts to update a target in TRK39, TI (.) is decreased by
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I until it equals 1. When TF (NT) equals 1, TF (NT) is set back to 4, NCOUNT is in-
creased by 1, and NT is stored in NTARPR (NCOUNT), which is an array of targets
previously designated.

As an example, assume that there are INUM targets newly designated and NCOUNT
targets previously designated. If (INUM + NCOUNT) • 8, all track numbers are stored
UinoL 1 tLV~ r kntut iLNtj LN IdN IS Set U U U. ItA l.IiNU UIVI IN 1NLJUN i. o, tUe JAN UIV ]Rewly
designated and the first (8 - INUM) previously designated targets are stored in NTEMP
(.). NCOUNT is reset to INUM + NCOUNT - 8, and the unused previously designated
targets are stored in the first NCOUNT locations of NTARPR (.4. Then the update times
on the next scan of the SPS-39 are found for each target; these times are used to calculate
the predicted positions of the targets using Eq. (1). Approximately 3D is subtracted from,
all the predicted azimuths. These new azimuths now represent the angles where the
elevation scans will begin. The azimuths are next ordered and the range-azimuth pairs
for each target are stored in consecutive locations of 1AZIM (.). If fewer than eight
twearca o ra d-4acated on a sean, thse rnt of the tayVaT ;is filleA W.i+bk zarnos 'M iwo
used by the SPS-39 to perform the desired elevation scan. The detailed operation of the
hardware will be described in a separate report.

8.2. Status Parameters

Since subroutine ELEV is called once and only once per scan, this routine provides
a convenient place for setting the status parameters. These parameters are given on page
I A 0b._A na.n n ioo-r

9.0. MONTE CARLO SIMULATION

To test the tracking logic and to obtain an estimate of the processing time, a
computer simulation was written to generate radar data, i.e., range, azimuth, and time
estimates for clutter points and targets. The simulation that generates radar data on tape
is described inSecs. 9.1 to 9.4, the results of operating the tracking logic against two sets
of raUUai uattia tue giveii cIL OmE. C7.U, WilU VdIIUL uU tuC given iLL oee. CI.U.

9.1. Generation of Clutter Points

There are Ne clutter points, distributed uniformly in azimuth. Ninety percent
of the clutter points lie between 5 and 32 n.mi., and the remainder lie between 32 and
92 n.mi. In each interval, the range is uniformly distributed. Eighty percent of the
clutter points can be detected by both radars, 10% can be detected only by the SPS-39.

Mathematically, the statistical nature of the clutter points can be generated using a
uniform random-number generator that generates a number U between 0 and 1. In the
following discussion each U will represent a new random number. The azimuth of the
target in degrees is
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(3)

The rangk in nautical miles is

30 Ui,2 + 2

600 Ui,2 + 32

Finally, let Ci,12 and CQ,3g indicate whether
can detect the clutter points. That is,

Ci, 12 = 1 and Ci,3 9 = 1 if

Ci,1 2 = 1 and Ci,39 = 0 if

Ci,1 2 = 0 and Ci,39 = 1 if

Ui,2 > 0.1

(4)

Ui,2 0.1 .

the SPS-12 and SPS-39 rakars, respectively,

0.0 < Ui,3 < 0.8

0.8 < Ui,3 < 0.9 (5)

0.9 < Ui,3 < 1.0

wherp 1 is a detetion and 0 is not a detection.

9.2. Generation of Targets

There are NT targets, distributed uniformly inside a circle whose radius is Rmn.
Eighty percent of the targets can be detected by both radars, 10% only by the SPS-12,
and 10% only by the SPS-39. The speed of the targets is uniformly distributed between
500 and 1500 ft/s, and the heading is uniformly distributed in 3600

Mathematically, the target's initial coordinates are

xi= (1 - 2Ui1 ) Rmax
(6)

: = (1 - 9rFTn) R~-m

when

R2 a> x + y?. (7)

If Eq. (7) is violated, new Ujj and Ui,2 are chosen so that Eq. (7) is true. Ti,1 2 and
Ti,39 are equivalent to Ci1 2 and Ci39 and are given by an expression similar to Eq. (5).
The x and y velocities are given by

VXi= Vi cos (Oi)

V Li Vj Sill (Ui)
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where

yj = 500 + 1000 LTia (9)

Oi ~ 360 Ui,4 (10)

On every new scan of the SPS-39, the range of each target is calculated. If it exceeds
Rm.a, it is replaced by a target with the following parameters:

x = R cos a

y = R sgin a

R = 75 + 30 U1 (in nautical miles)

a = 360 U2 (in degrees);

(11)

(12)

where

VX = V Cos 0

VY = V sin 0

V = 500 + 1000 Us

0 = a + 1800 + 14(1 - 2U4).

(13)

(14)

These parameters specify a target entering the detection region.

9.3. Initialization of Times and Radars

The scan times of the two radars are randomized, so that

S12 = 5.8 + 0.4Ui

(15)
S3g a 7.8 + OAUt2 .

The radars consequently have asynchronous rotation rates. The initial positions of both
radars are randomly set to one of 64 sector crossings. The times and angles are defined
as follows:

T is the present time
T12 is the time of the next sector crossing of the SPS-12
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T39 is the time of the next sector crossing of the SPS-39
012 is the present position of the SPS-12
039 is the n p4-; .ionf the QDQSQO

Initially,

T = 0

T2= S12/64

T39 = S3 9 /64
(161

012 = 360 K12 /64

039 = 360 K39 /64

where K 12 and K3 9 are integers uniformly distributed between 0 and 63.

9.4. Generation of Data

Data are generated sector by sector. First, time is incremented by

A = minimum (T 1 2 , T39 ) - T (17)

so that the present time is

T = minimum (T12, T39), (18)

an *he .... A... posiion A- Di + Qa0AA I- -n n- n + lAR0Ai$q- Thp tnrapf npositinnq44U tALC tLatA~L pJUMA1U1'J0 aCLL V *Z UUJV
t
/&J ~1%A U --- / -001 _-_ r----

are also updated so that the new positions are Xi + A(VXi) and Yi + A(VYi).

Without loss of generality, let us assume that T = T12. That is, radar detections will
be generated for the SPS-12 in the azimuth interval

012 - 1-5 to 012 - 1.5 - 360/64. (19)

The 1.50 corresponds to the lag associated with threshold crossing procedures for esti-
mating azimuth position [11.

9.4.1. Detection of Clutter Points - First of all, the computer program searches
through the clutter file to find all the clutter points in the interval defined by Eq. (17).
For each point in the interval, Ci,12 is examined, and if the SPS-12 can detect the point,
a random number U is generated and compared to P., the probability of detecting a
clutter point. If U > P,, the clutter point is not detected on this scan, and the next
point is processed. On the other hand, if U < P,, the clutter point is detected; and range,
azimuth, and time measurements are generated. The range measurement is generated
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by adding a Gaussian random variable, whose standard deviation is O03 of a range resolution
cell C,/2 to the range of the clutter point and then quantizing the result into an integral
number of range resolution cells. That is

RM=!j-jr Max Int (2Ri +. a)(20>
2 [( el (9

where ai is a Gaussian random variable with mean 0 and variance 1. Since C0/2 = 500 ft
for the SPS-12, and 1 binary in the computer corresponds to 31.25 ft, 16 X RM would
correspond to the measured range that would be transferred to the tracking comptuer. In
a similar manner, the measured azimuth is

Om= 0i + 0.3ai (21)

and the azimuth sent to the computer is

8 Max Int [212 0M13601 (22)

where a1 is again a gaussian random variable with mean 0 and variance 1, and 360' corre-
sponds to 215. The time is given by

TM = T - (a12- M S1 2 (23)
Q3an

and the time transferred to the computer is

Max Int [TM/0.008 modulo 215 (24)

where I bit of time corresponds to 8 ms.

9.4,2. Detection of Targets - The generation of target data is similar to the gen-
eration of clutter data except for two minor differences:

1. If the target range is less than 5 n.mi. or greater than Rna, the target is not
detected.

2. The random number U is compared to Pr, the probability of detecting a target,
instead of to Pe.

9.4.3. Bookkeeping Data - At the SPS-12 sector crossing, the following five book-
keeping variables are also calculated:

1. Radar: 12

2. Present sector: Max Int [64012/3601
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3. Time: Max Int jT/0.008] modulo 215

4. Position of other radar: 8 Max Int [2120 39/360]

5. Number of detections: ND.

Item 5 is used to generate NP12 and NB12, and item 1 is used to indicate which radar is
generating detections. In the actual system item 1 is not required, since the DMAs store
the data from the two radars at different locations in core memory.

9.5. Monte Canlo Restllts

The tracking algorithm was programed in Fortran on the CDC 3800 computer and
the Nova 800 minicomputer. The CDC 3800 was used to check the logic and to obtain
a very accurate timing of the system. Two cases were examined: a low-target-density
case and a medium-target-density case.

9.5.1. Low Target Density - In this simulation the following parameters were used:

NC = 40 clutter points
NT = 10 targets
Pc = 0.95 probability of detecting clutters
Pr = 0.90 probability of detecting targets
Rmax = 106 n.mi.

In Fig. 9, the number of tentative tracks, target tracks, and clutters per scan of the SPS-
12 are shown. On the first quarter of the SP-12's scan (a scan is counted each time the
radar rotates through 00), 12 tentative tracks are established. After the first full scan,
56 tentative tracks are established. More than 50 tracks (40 clutters plus 10 targets) are
established, because in crossing sectors (the SPS-12 passing the SPS-39) two tracks are
established on new detections. This problem can be avoided by choosing the starting
time so that the radars do not cross on the initial scan. Since 16 s is the earliest that
tentative tracks can be changed into clutters or targets, the number of tentative tracks
is not reduced until the fourth scan. Then the number of tentative tracks is reduced
sharply. By the sixth scan, 30 clutter points have been correctly identified as clutter,
and 9 targets have been correctly identified. On the other hand, one target has been
identified as clutter, and nine bogus tracks have been established. The incorrectly iden-
tified target is at a range of 97 n.mi., traveling at a speed of 700 ft/s. However, since
the target is traveling pernendieular to the radial vector, its radial speed is only 0 ift/s,
and its azimuthal speed is 0.06 deg/s. Thus, because of its low apparent speed the target
is placed in the clutter file. The bogus tracks are caused by the fluctuating point clutters.
During the tentative track phase, the correlation regions are large so that high-speed
targets can be tracked. Consequently, when a point clutter fades and another one appears,
a correlation is made, a high velocity is developed, and the track is declared a target.
These bogus tracks either are not updated and are dropped after 40 s (for instance, two
targets are dropped on scan 11), or are updated by a clutter point and become stationary.
The latter tracks are removed by comparing the smoothed range every eight scans of the
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SPS-39. If the target has moved less than 3000 ft, it is transferred to the clutter file.
According to Fig. 9, targets are transferred on scans 9, 10, and 20 of the SPS-12. Finally,
on scan 21, a target goes beyond Rma,, and a new target enters the area. This new target
is declared a target on scan 24, and the old target is dropped on scan 26.

I I
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SCANS OF THE SPS-12

Fig. 9 - Number of tracks (clutter points, targets, and tentative tracks)
vs scans of the SPS-12; low target density

The computation time on the CDC 3800 is shown in Fig. 10. The times were mea-
sured very accurately with the CDC 3800 time function. The startup times, scans 3 to
5, are large because all detections are at first assumed to be targets and consequently
require track computations, which are more time-consuming than clutter updates. The
steady-state computation time is approximately 140 ms.

The computation time on the Nova 800 is more difficult to obtan, since the real-
time clock counts only in seconds. Consequently, the total computation time was found
for 16 scans, and the computation time was assumed to be proportional to the computation
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time of the CDC 3800 on a scan basis. Specificatly, tne Nova required approximately 21
s to process 16 scans and is 8.4 times slower than the CDC 3800.

SCANS OF THE SPS-12

Fig. 10 - Computation time per scan of the SPS-12; low target density

9.2 Aledium -arpt n -i#s, - Tn T-+,c qin-,iilaio-in +ha followngrx nptwvat nr. eve

used.

NC = 100 clutter points
N = 50 targets
PC 0.95 probability of detecting clutters
PT= 0.90 probability of detecting targets
Rmax = 106 n.mi.

iUi rig. i.L tGit£ LulJlIIej of tenittive f tt geULtL I&rUAcs knlid cIULtter per scn ofL VI LW 0E-0

12 are shown. Again, approximately 25% of the clutters are initially classified as targets.
However, most of these bogus targets are eliminated on the eighth scan of the SPS-39.
Thus steady state is approached on the eleventh scan of the SPS-12.
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SCANS OF THE SPS-12

Fig, 11 Number of tracks (clutter points, targets, and tentative
tracks) vs scans of the SPS-12; medium target density

The processing time is shown in Fig. 12. The Nova 800 is 9.0 times slower than the
CD1C 3800. The largest processing time for the Nova occurs on the fourth scan. The
processing time is 4.7 S, which is very close to the scan time of 6 s. If there were about
200 detections per scan, the processing would start lagging behind and sectors could be
skipped. However, since the steady-state processing time is below 6 S, steady state would
eventually be reached.

9.6. Conclusions

From the simulations on the Nova 800, it appears that the tracking program written
in Fortran is fast enough to handle tracking loads that one would expect at CBD. Thus,
the time and effort required to program the tracking system in assembly language can be
avoided. Of course, the program would run several times faster if written in assembly
language.
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Fig. 12 -Computation time per scan of the SPS-12; medium target density

The tracks that have been declared targets should not be considered "firm" tracks
until they have passed the movement test that is performed every eighth scan of the
SPS-39. There is not presently anything inl the program called a "firm track," but it
probably will be added.

10.0. SUMMARY

The tracking system, designed to track targets using detections from two vasychron-
ously scanning radars in close proximity, differs from previous single-radar tracking systems
in t~iminsye filtesr undate~ t~rack initiatiion andw the useP of detctiotns frobm two radarsa

The system is timed with respect to a single clock located outside the computer.
Every detection is associated with a time of occurence. In addition, the time of each
sector crossing for each radar is sent to the computer. The ideal way of processing the
detections is to operate on them sequentially in time. However, the system operates on
small azimuth sectors sequentially in time. The detections in the sector located farthest
back in time is always operated on first. Thus, detections from one radar in a sector are
operated on. This procedure causes very little difficulty.
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Since the detections are updating the tracks at nonuniform time intervals, filter co-
efficients are varied according to the elapsed time between detections. The predicted
position is computed using the interval between the time the next radar will be over the
target and the current time. hlis interval is nonunifoirm frm one upate t thle next,

A track is initiated on detections that do not correlate with anything. After a period
of time has passed (which allows the filter to settle) a decision is made on what to do
with the new track.

A Fortran program was written for this system and simulated on the Nova 800. It
was found that it took about 3 s to process 100 point clutters and 50 targets.
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TRACK AND CLUTTER NUMBER FILES
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SUBROUTINE CLTNO(NCj DRoPC)
CO4MON/CNO/ LI STC(256)ME XTCJLASTOsFULLC1 1 2DE

INTEGER FULCL, DROPC
IFEDROPC) 20p 13r20

10 LI STCCLASTC)=NC
LI STCCNC)=0
LASTC-NC
FULL - FULLCG-l
RETURN

20 NC=NE1KTC
N&aCTC=LI STC(NC)

40 FULLC = FULLC-1
30 LISTCCCC)=512'

RETUR4
EN4D

oe%it
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SUBROUTINE TRNr'O(NT, DROPT)
CO MiON/ TNO/LI STTC 256) N EXTT, LASTTp FULLT

INTEGER FULLT, DROPT
IF( DROPT) 20, I0. 20

10 LI STTL ASTT)=N T
LI STT(NT)=0
L AS TT-- NT
FULLLT = FILJ.iT+ I
RETURN

20 NTN ECTT
NEKTT=LI STT(NT)

40 FULLT = FULLT-1
30 LISTTCNT) = 512

RETURN
END
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SUBROUTINE TNEW(NT t)
C0,1M0N/ TFiL E/ TBX 64), 1 DT( 256)

i ± a r1.U L.n I VA

NL = TBX(I)
TBX(l) NT
IDT(NT) = ML
RETURN
MED TNEEW

SUBROUTINE TDROPCNT, I)
COQ'1AONITFILUTSBCC 64), I DT( 256)

INTEGER TOX
NL=TB:C()
IF(NL-JT) 20, 10J 20

10 T73XC1)=1 DT(NT)
I DTCNT) = 0
NT = TBX(C)
RET U3N

20 N E I DTCNL)
IFCNT-NE) 30, 43, 30

30 NL=N E
GO TO 20

40 IDTCULY=IDT(qE)
NT - IDT(24T)
I DT C N E) = 3
RETUIW
EN D
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SUBROUTINE FILTRCRMM, DLTv, NT>
COAfIO/N TPARŽ/ RS( 2 56) , ASC 2 56),J VAS( 2 56)
CGO!42ONV TPARl/ RPT( 256) > APT( 2 56> E J ES 256) VRSC 2 56), j UTC 256,i I STAC 1 2)

COMMON/ TPAR7/R. PAW 128 AAL PAC 128 ) RBETA( 1 28) ABETAC 1 2$)
INTEGER RALP AALPA, RBETA. ABETAP DEL T7 DEJTQ, M, A

INTEGER RPT, APT, RSo ASJ VRS, VAS, ES, OUT
G-----TIME GAP FUNCTION OF ALPHA-BETA TABLES.

.'U. IDTQ = DFLT/20 + I
IFCDELTQ-64) - I 0 1' 2

2 DLTQ = (DaTr+1260ox40 + I
IF(D~LTQ-96) 1 , 10J 4

4 DEL;TQ = (DELT+ 5060)/S + I
v C De TN l I ci aI I 1 f }
1,r'..JCLt12L- -LCQJ IlED A11VP U

6 DELT0 =28
C 4096 FT/SEG=2**15
C I COUNT= 31.25 FEET.
C s DEG/SEC = 9**15
£- -60 DtC = 2**1 5
C I COUNT = 8 MS

10 K=rM-RPTCNT)
RS(NT)=EPT(4T>+(RALPA( DELTQ)*K)/32
IT = AM-APTCNT) -
TTS TARS(tT)
IFCITS-16384) 40,40,20

20 ITS = 32767-ITS
IFCIT.LT.0) 'GO TO 30
IT'= -}TS
GO TO '40

30 IT = ITS
40 CONTINUE

M=APTCNT)12+CAALPAC DELT) *1 T)/64
I F (M-6 64' 43 42, 45

42 IF (MCY 43, 50, 50
43 K=MM+6384

GO TO 50
45 M14- 1636 4
50 AS(t4T=M+M

IF (DELT-100) 100o60, 60
60 IF (DELT--300) 70.70i80
70 VRS(NT)=VRS(NT)4+ La2*( (8-*RBETA(DELTQ>*K)/DELT)

VASCNT)=VASCNT)-22*( c8*ABETAC DETQ)*rTr)DE.T)
60 TO 100

80 VRS(NT)=VRS(NT)+244*CCRBETA(DELTQ)*K)/(DE2.T/4>)
VAS(NT>=VAS(NT'f444*( CABFTAC DS.TQ)*IT)/(DELT/4))

100 CONTINUE
RETURN
EN D
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SUBROUTINE T4E1 2 TH, T IG.,NT)
COMMO1/VEL/ V112,1V39
COMMONTPAa2/RSC 256), ASC256),JVASC256)
COMi4O'T/TPAR3/1TT22c256)2TT39(2S5?JTTL,12(256).6TT39(2S6),TT(2S6)
INTEER VI-, V/39,?, TH, RS., AS,'VAS

KT12=32767/(CV12-VAS(NT)/22/)250)
4= Tif 2+K-T 8/ 2
IF (M-16384) 20, l0, 10

10 Mfr I'-l63S4

20 TTL f2(NT)Y=+
T = TTL39CNIT) - Tl
1F(IABS(T).GT.f6384) T = 32767+T
IF(T.LTS0) 'T - 0
IF(T;GThtTI2) T = KT12
RETU~t
EN D

SUORO UTL4 FT>L 1&33 C( Ti, 'F, I G1J U)
COALAOA/1/EL/ V1/. PV39
COl:4OLQ/ TPAR2/ RSC 256) *AS 2563, VAS( 256)
COMO4/TPAR3/TTIa< 256), TT39c 256), TTL 12C256), Th39( 256). TT(256)

INTEGER V12, V39, T, T, ERSJ AS 1VAS
I N T EG ER TT I 2, TT39, TTL 1 2J TTL 39, TT

LCT39=32767/C ( V39- VAS(ctiT)/22)/250)
Ai= TiV 2+ KT 39/2
IF (CA- 16334) 20, p. 10

20 TTL39 CAT)=A.4+-
T = TTL 12CST) - T1
IFCIAS(CT).GT. 163g4) T = 32767+T
IF(T.LT.3) T = 0
IF(T.GT.7KT39) T = 'T39
RET URV
M D
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SUBROUTINE EKCUT
COflMON/ ALP/IPARIj, IPAR2, IOPELN UŽ,JTAR( 32),NHANDp I START, NCATCH
COMMON/ ELF9 NDESTARC4), IA!I 4(16),NTARPR(8),NCOUN T
COMMON/KON/ KONST
COMMON/DAT12/ RF12(256)A M 12( 256),T TM12t256), TAG12C256)
COMMON/IN12/M12(64)NP12) 64),NB12C 64), PI239C64)J, P1210C64), I 12T
COMMON/DAT39/ RM39C256)JAM39(256)JT439C256) TAG39C256),EN39(256)
COMMONIN39/ 4RK39(64).tNP39C64),NB39C64), P3912C64),P3910(64),I39T

COMMON/VEL/ V12, v39
COMMON/ SECTf I1 2D, 1 39 D
COMMON/CLT/RPCC256),APC(256),TC12(256),TC39(256)

flttsd &T Sflft?"Afl~lS 'fht T #l -eA% rI" i'? afl r' elC 'At'lwvnrut W-ftfr nfl ki * ut-a errE ta. JnRi, AlI fJS LiflU

COMMON/ CFI L E CBX C 64) 1 I DCC 2 56)
rfh~fM/mnff I STGC256';NnTG:.LASTG:! FLG: TI Qn.
COM*ON/ TFI L BY TBX 64), I DTC 256)
COr4 O M/T -a/ LT STT C256v.N E TTLASTT, FULLL.T

COMION/ TPAflI/RPTC 256), APTC 256), ES( 256). VRSC 256)f OUT( 256), I STAC 1 2)

COMMON/ TPAR2/ RS C 2 56 ), ASC 2 56) , VASC 2 56)
COMlON/ TPAR3/ TT 1 2( 2 56),# TT39 C 2 56), TTh 12( 2 56)* TTL 39 C 2 56), tTC 2 56)
COMMON/ TPAR CT 2 56), TF( 256), NTARG ET, N L EV, I I P
COMMON/ TPAR5/ CRTC8., 2), CAT(8 , 2, 16) j TT>AAX TTLAG
COMMlON/TPAR6/VWt4Ib, vanrnr, mAXJ TFIX
COMMON/ TPAR/RAL PA.( 128). AALPA 128), RBETAC 128) ABETAC 128)
CONMON? TPAR/N RC 2 56), NMO D
CO1flMON/BUF/ I BUF( 30)s I I I ( 1000), N ST

INTEGER CSi'
INTEGER FM12X I k IsI2a TAG12
Sb .9P r r wfl of Ab ~ A" i~fl I 'i' ^ flf TA f '1C % tA ' lW%

IVINTERZf rul'Ow &MIL1.1 *sk39J~i &M.%279o ZV4

INTE ER V 1 2,'V39
TMr ra r C-f-Co oiaion PIo0 a
L.6 4.Aaz... t C 4 j.J S 4C 

INTEGER P39 12, P39 10
T M TnFER RPC. APC. TG !IP. TG 39

INTEGER TCMA-, TCLAG, CRCv CAC
INTEGER OUT, CRT, CAT, TTAAX, TTLAG
INTEGER FUJL C, DROPC
rNTEGER FULLrT, DR -''
INTEGER RAL PA, AAL PA, RB ETA. AB ETA
INTEGER TF
INTEGER TBX
INTEGER DETJ T. VT 4N4 VAMINJ TNMAX, TFIX'
INTEGER TT 1 2, TT39, TT 1 2J TT 39s TT
INTEGER RPT, APT, RS, AS. VRS. VAS, ES

ACCEPT 'REALC() OR SIMULATED( 1) DATA. ",IREAL
IFCIREAL) 300,P300, 301

l0a i0 I 12T-139T
IF!!I) 310,320,320

310 I'.- 6411
320 I F I I -4) 300, 330, 330

340 142D I I12T
I39D = I39T
GO TO I

301 ACCEPT "INPUT FIRST SCAN PRINTED OUT. "tJ SCAM
ACCEPT "INPUT Nr4LBER OF SECTORS READ. 'INSEC
NST 1000
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CALL GTDA
I 12T-T 12D
I 39 T=I 39D
r 1or = n

139C = 9
'I ISCAN-0

IELEV = 0

HOW MANY SECTORS ARE WE LAGGING BEHIND

5 I12DEL=112T-112D
ICK = IABS(r39T-61)
IFCICK- 1) 6, 6,7 '

6 IFCIELtV) 7p666v7
666 G^1'L S. EV'

IELEV = I
7 IF(112DL) 8,9,9
3 I 12DEL = I 12DEL + 64
9 IF(112DEL-20) 10J,10,4
4 IFCI REAL) '45, 45, 44

44 WRITE C 10, 50)
50 FORMAT C lH0, " LAGGING BEHIND MORE THAN 12 SECTORS")
45 CONTINUE

14 - 139T - 15
IFCIJ) 497J 497.,498

497 TJ ' r .Ja64
498 NDEL = MRK39CI39T+1)-MRK39CIJ)

IFQNDEL) 499J,501,501
499 NDEL - NDEL+32767
501 V39 M 32000/CNDEL/16) + 3*CV39/4)

I39C = 8
IJ = 112T-15
IFCI4) 597J 597, 598

597 IJ 4 IJ+64
598 NDEL = MR1C2C I12T+1)-MRK12CIJ)

IFCNDEL) 599J,601.,601
590 NDnl- = NDMfl32767
601 V12 = 32000/CNIqaS'16) + 3*CV12/4)

I12C m S
I512=32767/CV12/250)
1S39-32767/C V39/250)
I END-I 19DtI 2DEL-4
DO 440 I1lt2D.I}BD
K1+ 1,
IF (K-64) 402,402J,401

401 K=K- 64
402 NT=TKCCK)-
410 IF fNT) 440.a440a 42
420 TTLI2(NT)=TTLh2(NT)+I S12

NT=I DTCNT)
GO TO 410

440 CONTINUE
IF CK-64) 450J445,J445

445 K=0
450 I12tK

47
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I 39nDEL.= 39T-1 39D
IF c139DEL) 451452,452

451 } 39DgL=. 39DEL+64
452 I END=r 39 D+I 39aLa-4

DO 490 I=I39DIEJD
KICi+ I
IF (K-64) 462,462J,461

461 K-K-64
462 NT= TBXCK)
470 IF (NT)' 490,490J430
430 TTL39(NT>=TTL39(NT)+I S39

NT=I DTONT)
GO TO 47 0

490 CONTINUE
I F (K- 64) 49 6, 49 5, 49 5

495 KH=
496 t39D=K

10 IF CI12DEa-5) 2,30,J30
2 CALL AL NM '

NCATGIH=NCATGI4+ I
IF (IREAL) 5J5,46

C
C HAVE PROCESSED ALL DATA
C READ IN NSEC ADDITIONAL SECTORS
C

46 IFCNST.LT.800) GO TO !1
CALL GTDA'

II CONTINUE
DO 29 nIvNSEC
CALL SHI FT 5)

i? IF (IBUFri)-20) 1i320.,23
C
C DATA FROM SPS-12

13 II-IBUF( 2)
I 1 2Th1 I-I
RKI12CI I)= IBUF( 3)

P1239(11) = IBUFC4)
ITAR= IBUF 5)
NBI2(II ) =ITAR
JJ = Il-I
IFCJJ.EQ.0) JJ = 16
N=NPL1(JJ) +I TAR
IF (N-256) 112,111,111

I11 N=N-256
112 NP1(2II>=N

I F (ITAR EQ. 0) GO TO 29
N=3*ITAR
CALL SHI FT(N)

15 NS-NP12CJJ) + I
DO 16 J'1,ITAR
SNSiN t

IF(CS.EQ. 257) NS I
Rml2CNS)=IBUF(J)
AM 12(N S) = I BUF(J+ I TAR)
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TM12CNS)=1BUFCJ+2*I TAR)
16 CONTINUE

GO TO 29

C
C DATA FROM SPS-39
C

20 IIfIBUFC2)
139T=11r1
nMfK3(jIt)=lBUFr 3)
P3912(1!) = IBUFC4)
I TAR= I BUFC 5)
NB39( II )=ITAR
JJ = II'I
IFCJJ..EQ.0) JJ = 16
N=NP395JJ)+I TAR
IF (N-256) 212.,211J211

211 N=N-256
212 NP39(II)=N

I F t ITAR. EQ. 0) GO TO 29
N= 3*ITAR
CALL SHIFT(N)

25 NS-NP39 (JJ) t 1
DO 26 Ji1, ITAR
NS=NS+ 1
IF(NS. EQ. 257) NS = I
RM39 ( 5) IBUF(J)
AM 39(NS)=IBUFCJ+I TAR)
TM 39 (N S) = I BUFtJ+ 2* } TAR)

26 CONTINUE
29 CONTINUE

G 0 -1 5
C
C DECISION AS TO WHAT RADAR SECTOR TO UPDATE
C

30 IDIF = MRK12(I12D+1) - MR39(I39D. 1)
IDIFA-IABStIDIF)
IF CIDIFA-16364) 31,31,40

31 IF (IDIF) 60,60,S0
40 IF (IDIF) 80, 60, 60

C
C UPDATE SPS-12

60 IF tI12D) 65, 61,65
61 IF (lOPER) 65,62, 65

62 CALL ALPNM
65 I12C = 112C-1

I.FtI12C) 73,'66.7 3
66 IJ = 112T-7

IF(I4) 67,&67, 68
67 IJ-= IJ+64
68 NDEL = MRK12CI12T+1)-MRK12CIJ)

IF(NDL) 69,72,72
69 NDln = 327¶67-tTN D
72 V12 = 16000/(NDL/a)+7*(V12/s)

112C = 8
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73 CONTINUE
GALL MAP12
CALL TC I 2
CALL NEW 12
I 120=1 12+1I
IF (112D-64) 5,70J 70

7 1 10-3
0SCAM = ISCANt+

IPRT = MOD(ISCA24JSCAN)
IF (IREAL) 5.,5,11

71 IF(fPRT.NE. 0) GO TO S
WRITE ( (0. 56)

56 FORMATt IH I)
WRITE (10,'51) V12, V39,NFXTCLASTCISGCA

S1 FOMAT(S" V12 = ",16," /V39 = ",161/.
I " NI!XTC = "1J LASTC = 'V14" SCAN = ",I3)
WRITE ( 10t 57)

57 FORMAT(lX,/," SCAN RPT APT RS AS"
1 , it VRS VAS TT 1 2/," TT39 TT 12"

2 ,'" TTL39 TT KT TF NRI')
DO 555 I =1, 256
IF (KT(I ).GT. 10) GO TO 555

55 WRITE (10,150) IRPT(I>,APT(I),RSCI),ASCI),VRS(I),VASCI).TT12(I),

! TT39(I), TTL1SCI), TTL39CI), TTCI).KTCI ) TF(I ),PNR()
555 CONTINUE

150 FORMAT(I4,7I9./. 7I9p/)
GO TO 5

C UPDATE SPS-39
C

80 IF (139D) 85,81,85
8l IELEzW

NfO D=rN*Oo# I
IF (1*100-B) 85,52,895

52 NMO-00
85 1390 = I39C- I

IF(I39C) 93fi86,93
86 IJ '= 139T-7

IF(IJ) 87.'87,988
S7 1J = ij+64
83 NDEL = t4R139CI39T+t)-MRK39(IJ)

IF(NDaL) 5992,92
89 NDEL = 32767+1'DEL
92 V39 = 16000/(NDEL/8)+7*0V39/8)

139C = a
93 CONTINUE

CALL MAP39
CALL THK39
CALL N EW39
139D=139tH-I
IF (139D-64) 5,90,90

90 }39D0=
GO TO 5
Ei D
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SUBROUTINE MAP12
COMMON/KON/ KONST
COMMONZ DATTI2/fax1 aCs256),JAi z±12c256)J T.712(256JTA012(256)
COMMON/IN 12/t4RK12( 64)NP12(64),NB12C 64), P1239(64). PI210( 64), l12T
COM4ON?VEL/ vi2, 939
COMYIONICPARI/ TCMAX, TCLAG, CRCj CAC
COMMON /CLT/RPC( 256), APOC 256), TCG2(256)>TC39( 256)
flOMMflr'JCflOf LT QTfC 956)S ,.tf:LA'lTnL~r Wfl Lnf } vnv
COMMON/CFILE/CBX( 64', I DC 256)
COMMON/SECT/ I I2D I S39D

INTEGER FULLC.PDROPC
INTEGER CGX
IwTEGER 12 412, TM2, TAGI2
INTEGER V12,V 39
INTEGER P1239. P1210
INTEGER RPC, APO, TC 12, TC39
INTEGER TCMAXi TCLAG, CRC, CAC
INTEGER D, DI
INTEGER DEL% DELA, TH.- RMJ AM

IH = 112D + 2
I FC I - 64) 5 5, 2

2 1H =IH-64
5 NCCBX CM i)
15 CONTINUE

I F(NC) 1, 100, 1 0
11 NDL1 = MRK2(IH) - TC12(NC)

IFF(YDELI) 20.a30.,30
23 N DL 1= 327 67+N DEL 
30 IFCNDELI- 150) 900,900.,40
40 I F(N DEL - TCYAX) 20 0, 200, 50
50 NDEL2 = Mt4HIIH) - TC39(NC)

XF(NDEL2) 60, 200 70
60 NDa2 = 32767 + WfEL2
70 IFtNDEL2-TCMAX)' 200a,2000s
90 CALL CLTNON0, 0)

CALL CDROP(NC, I R)
GO TO 15

200 J=0
DK0ON ST

210 IF(J-2) 220,220,400
220 JK -i1I2D +4 +1

IFCJK-64) 222, 222, 221
221 JK JK-64
222 J J+ 1

JBSNP12(JK) + 1
K= 

225 IF(K-WBI2CJK)) 230,230,210
230 DERLP= ZASSCRl12(Jlh) - RPC(NC)>

IutFt.R-CRCY 240,-240, 301
240 DaA = fABSCM12(JB) - APC(NC))

IF(DELA- 16384) 246, 244, 244
244 DfLA = 32767-DES
246 CONTINUE

IFCDELA-0AC) 250 25.- 300
250 NDIr = 64*DEL.R/CRC
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N5D2 = *64*DELAo GCAC
ND1=ND l*NDI
N D2=N D2*N D2
DI:PND1+ND2
IF(DIF.Dl) 260,260,270

260 RM=RM12(JB)
At=AM I 2(JB)

I VL LA *t-% cu Ulf

D= DI
270 JT=NP12(JK)-NB12(JK) + 2

IF(JT) 280. 280, 2a0
280 J T+J T 2 56
290 R[412(JB)=RM12(JT)

AM 12(JB)=AM 1.2JT)
TM I 2(JB) =TM 12(4JT)
NB12(JK)=NB12(JK)- 1
GO TO 225

300 K=K 1
J]=JB- I
IFCJBY 310,310,320

310 JB=JB+256
320 GO TO '225
400 IF(D-KONST) 410.,900J 900
4H0 kPCtk'UCt)=1f

APC(NC)= AM
TC12(NC)=TH
ISECT = AM/512+1
I FC I SECT- I H) 420,9 00, 420

42°0 N S = MN
CALL CDROP(NC, IH)
CALL CNEY(N Si I SECT)
GO TO 15

900 NC=I DC(NC)
GO TO £5

1000 CONTINUE
RETURN
END
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SUBROUTINE hAP39
COM4ON/KON/ KONST
WUL4LMALJW Jtv*S J9c& LW7 Af'.J C .7; C.J1SS Ist . 2I C )I-S,3Yt; 2as 5 JiE C2 ao

COKXACN/IN 39/tAEt39 (64),NP39 (64) o NB39( 64),* F39I2(6v4) P391 64> 1 39T
COMlONVE/Val 2, V39
COMMON/CPARI/ TCZ4AX, TCLAG, CRC. CAC
COMMONCLT/RPC( 256).APCC 256), TC12C256), TC39( 256)
r¼L- CLWA LJL',flp L r ST"' 23v .Jj N TiL L- I A n LS 57 JL UI I £ 2 D El

COMMONJCFILE/ CBX( 64), IDC( 256)
COMMON? S ECT/ - I I 2D, 1 39 D

INTEGER FULLC, DROPC
INTEGER 08K

INTEGER VI12, V39
INTEGER P39 12, P39 10
INTEGER RPC APC. TC 12,-TC39
INTEGER TCt4AX, TOLAG, CRC, CAC

INTEGER DLR, DEL.A TH, RJ XM
[H [ 3913*2
IF(IH-64) 5, 5J 2

2 IH-= }H-64
5 AT rw= VO' T *x N

15 CONTINMUE
IF(NC) 10,1000,0 I

10 NODLL = MM39CIR) - TC39(NC)
IF(NDEL I) 20,30,30

2 v i 9 Cs la 1- I2 p C Na un I

30 IF(tNDEL-150) 900,900,40
40 IF(MDL1- TCKAX) 2001,200,50
50 NDEL2 =- 4RK39(CI)-TC12(NC)

IF(1NDSL2) 60, 200, 10
via nDa1 2 = 37-t7, * pant, 2

70 IFCNDEL2-T"AX) 200, 200,80
80 CALL CLTiJO(NC,0)

CALL CDROP(NC.,I )
0O TO 15

O2i0 j=0
D=10N ST

210 IFCJ-2) 220,220,400
220 JX -= 'I 39 J+ I

I F(JK- 64) 7222. 222, 221
22I j'A- - j i - 4
222 J - J4+

JB=NP39CJK) + 1
K=l

225 IF(K-5NB39(JK)) 230,2301.210
230 Da-R;= iAltS 39(j - J-IYUiN 1))

IFC DEL.R-CRC) 240,P'2413, 300
240 DELA = XABS(AM39(JB) - APCCNC)).

IFCDELA-16334) 246J 244 244
244 DLA = 327 67-DELA
246 CONTINUE

IFY DLA-CAC) 250. 250J 300
250 NDI = 64*DELR/GRC
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ND2 = 64*DELA/CAC
NDl=NDl*ND1
ND2=ND2*N D2
DIND1 FND2
IFCDI"D) 260, 260, 270

260 FM-R4i39(JB)
AMAM 39 (J R)
TH= TM39(J3B)
D= DI

270 JT=NP39(JK)-NB39CJK) + 2
- TFCJT) 28 .ga0PQA

280 JT=JT+ 256
290 RH39CJB)=FM39(JT)

AM39(JB)=AM39(JT)
TM39(.Jf)=TM3Q(JT)
NB39(JK)=NB39(JK)- I

EH39CJ) = EM39(JT)
GO TO 225

300 kC=Kt I
JB=JB- 1

IF(JB) 310.,310, 320
310 JB=JB+256
¶I0P fl Tf 'P225
400 IF(C-KONST) 410,900,#900
410 RPCCf(C)=RM

APCC'NC)= AM
TrIclf~fNr.=T
ISECT = AMr/512+1
IF(ISECT-IR) 420,900. 420

420 NS-= NC
CALsL CDR P(C, Iki U)
CALL CEWCNS I SECT)
GO TO 15

900 NC=I DC(NC)
rGo TO 15

1000 CONTINUE
RETURN
END

55



Appendix G

TRACK UPDATE

56



NRL REPORT 7841

SUBROUTINE TRKlC2
COMMON/TEST/I SECT. NTiM, IH
COM4ON/ELaElNDESTARC4).IA7tMc 16).MTARPR(R).lnf1MT
COMMONN/ALP/I PAR1.I PAR2. I OPER, MUM, JTAR( 32), NHAND, I START. N CATCH
COMMON/KON/ KONST
COMMON/DAT12/0%112(256).x&'12(256)JTM 12(2s6),TAG12(256)
COMLON/IN 12/MRK 12( 64),NP12( 64),NB12C 64). P1239t 64), P1210( 64), 1 2T
COMMON/SECT/ I 12DJ139D
GOUUŽOUN/ 1PARiL TM AX. TULAG, CRU, CAO
COMMON/CLT/RPC(256xJAPC c256),JTC12(256),TC39(256)
COMMON/CFILLE/ CBXt 64), IDC 256)
COMMON/CNO/ LI STC 256),N-EXTC.LASTC FULCL, I 12DEL
COMMON/VEL? V12, V39
COMMON/TFILEYTBXC64)e. TDTC9.5S6)
COSLMOON/ TNO/L rSTT( 256).5 N ETT, LASTT, FUL-LT
CO MMON/TPAR}/RPT< 256). APT( 256), ES( 256)J VRS( 256). OUT( 256), ISTAC 12)

COMMON/TPAR2/RSC 256), AS( 256), VASC 256)
COMMON/TPAR3STT1T2C256)TT39(256),JTTLI12C256)JTTLm39(256>)TTc256)
COMMON/TPAR4/KT(256),JTF(256).,NTARGET.NELEVI SKIP
COMMON/TPAR5/CRTtS, 2), CAT(8J 2, 16) JTTMAX. TTLAG
COMMONTPAR6/VRM!N, VAMI2N, TN>IAXJ TFIX

INTEGER HM I2, AM 12, T12, TAG 12
INTEGER VI 2. V39
TNTEGEFR PI.12. PI910I
IN TEG ER RPT, APT, RS. ASJ VRS, VAS, ES
INTEGER OUT, CRT, CAT, TTMAX. TTLAG
INTEGER D0 DI. RQ. DEL, DELA, T, M., AM
INTEGER TT I 2, TT39, TTL 12, TTL39, TT
INTEGER DELT, T, VRMI N, VMINW. TNMAX, TFIX'
IiUTEGER FULLT, DROPT
INTEGER TBX
INTEGER TF
I N TEGER T CMAX, TCLAG, CRC. CAC
I E T EG ER FULL Ci DRO PC
INTEXER RpCi APG TC12, TC39
INTEGER CtX

IH=I 120-1
I FL I P= 

5 NT=TBXC IIH)
15 CONTINUE

IF(NT) 10, 1050, 10
10 IF(KT(NT)-IFLIP) 1000, 20, 1000
20 NDEL 1=IABSCZ4RK12cI H)-TTL12(bNT))

IF(NDELI-16384) 40.#30.30
.30 NDELI=32767-NDELl1
40 I F(NDa 1- - 150) 50,"5010 I 5 07 0
50 NDEL2= I AS(M R 1 2t I) -TTCNT))

IF(NDEL2- 16384) 70,60,60
60 NDEL2=32767-NDEL2
70 NDEL2-NDEL2/625+1

IF(NDEL2-8) 90.50,80
S0 NDEL2=5
90 RQ=RPT(NT)/2046+ 1

JCRT=CRT(NfnL2, IZFLIP+ 1)
JCAT=CAT(NDEL2. IFLIP. 1, RQ)
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J=0
D=KON ST

o t aL r ,r I_31Q Toa2 exf -J M.M

220 JK=I 2D+J
IF CJK-64) 222. 222, 221

222 JK=JK-64
GO TO 224

222 IF (JK) 223, 223.,224
223 JK=64
224 J=J+ 1J8=NP212(JK) + 

Ka I
225 IF(K-NBI2(JK)) 230,230,210
,Nr3 Lsfl AnCgC tJ" lst 1n.IRPT.N1TN s

IFCDELaR-JCRT) 240, 300. 300
240 DEL&aAlABS(A;12(JB)-APTCNT>)

IFCDELA-16334) 2601'253, 250
250 DULA = 32767-DUA
260 2ON TI LYUE

IFC DELA-J CAT) 270. 300, 300
270 WDI=( 634DE.R>/JORT

ND2=(63*DELA)/JCAT
NDl=NDl*NDl
N D2=lN D2*0 D2
DI=N11+N D2
TAG12(JB)=l
IF(DIr D) 280,P280.,300

230 JCALL-LJB
JSECT=JK
n = Di

300 K=K-e1

IF(JB> 31. 310 225
310 J4=JB4+256

GO TO 225
400 IFCD-KOClST) 413,S00,800
410 RLA=R 412(JCALL)

AM=A±=12J CALL)
Th=Tm 12(4CALL)
JT=NP12(JSECT>-NBl 2GJSEGT>+2
±FtjTi 420.t420J 430

420 JT- 256+JT
430 RMI2(JCALL)=rMx2<JT)

M'412(JCALL)M 412(JT)
TM j2(JCALL)=TM 12(4T)
TAG C(TJAT-L) = TAG1(2GT)

TAG12(JT) 0
NBI2(JSECT)=NJB2CJSECT)- I
DEL.T=IABS(TH-TT(NT) )
IF(DELT-16384) 520. Si0, 510

510 DELTa32767-DELT
520 CONTIW UE

CALL FIL TR( Rfl M, DEL T NV T)
TTMNT) = TH
TT 1 2( N T) = TH
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TH lRK12(IH)
CALL T-'nzE2(Tn isJhIMNT)
KK=(<T/10)*(VRS(CT)/125))/25
RPT(NT) = RSCNT) + KK
XK=(T/32)*( VAS(NT)/ 187)
M = AS(NT)/4 + :XX/4

wA q1? ) COW rzo')a-5IFr v..=l92 u17 o 523 ~o 523
521 IF (.'D' 522., 524, 524

522 M=M-vS 19 2
GO TO 524

523 i=M-8 192
5 A aPTUNJ T) 4=M

ISECTzM/ 128+ I
IF (IFLI P) 600, 525J ,600

525 IF (WT-NHAND) 530, 526. 530
526 CALL aLRNM
530 IF(ISECT-IM) 540. 1000. 540
540 US = NT '

CALL TDROP(NTJIH)
CALL TN EW(JSJISEGT)
GO TO 15

600 DILTZIA3S(T3 -TF(NT))
IFCDELT-16384) 620, 610.J 610

610 DELT=32167-DaT
620 IF(DELT-TFI'X) 5302,530, 630
630 IFCIABS(VRS(NT)) - VRAIN) 640J670.670
640 IF(IABSCVASCNT)) - VAMIN) 690,670,670
670 icT(&T)=0

TF ONT) = 0
N TARG ET=N TARG ET+ I
GO TO 530

690 IF(FULLC) 720.720,700
7 0o 1.11 CL,( *r O t N J ti VtsML. AJ .LMJ~.'VZ

RPC(CNC) =RS(NT)
APC( N C) = AS(N T)
TC 1 2(< N C) = TH
TC39 (N C) TT39 (N T)
CALL CMWS(4NCI SECT)

720 CALL TRKAIO(NTJ0)
OUT(NT)=- I
KTCN T) = 63
CALL TDROP&JTJIFH)
GO TO 15

C
C- O CORELLATION WITHC'''' THI-S TRACK.

800 CONTINUE
TR = MIRKI2(IH)
DILT=TX-TT(HNT)
IF (DLT) 570.880,580

870 DELT=32767+DELT
850 CONTI.NUt

CALL TMEI2tTH.TJIH-NT)
TT+DEL T
IF (IFLIP) 900,890,900
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390 IF CT-TTKAX) 391.S91.,8S9
Suxi A- I F CT- L ets \ 9 1 a ', I '705

889 NTARG 9T=NTARG ET- I
GO TO 720

891 KTARG -= Ti-TT12WNT>
IFCKTARG) 881.88S2,82

lRt wlTARf = 32767 + KTARO
882 IF(KTAQRG-TTMAX) 88 5J385833
883 TT12(NT) = TH-TTLAG

£F(TT12(NT)) 584,8365,85
384 TTI2CNT)-Y= 32767'+ TT12(NT>

6S5 CONTItNUE - -

910 KK=(CT/40)*(VRS(NT)/143))/6
RPTCNT5 = RS(NT) + 1K
KK=(T/S0)*(VAS(NTY/ 112)
1 = AS(UT) /4 + KIK/4
IF (M-5192) 9Ž1,9Ž3,923

921 IF (Mi 922,924,9241
922 WMH+8 19 2

GO TO 924
923 A- K- 8 19 2
924 1 S.ECTXM/ 12 +

APT(flT) =4*f
IF(ISECT- If) 540, 1000.o 540

1000 9T=I DTNT)
GO TO 15

1050 IF(IFLIP> II00. 1060, 1100
1060 IFLIP = I

GO TO 5
1070 CONTIINUE

R=ŽRK12(CIH)/2+32767/CV12/125)
IF (MJ16384> £075,?107 1071

M1 A= n-fl- 1 o 38 4

1075 M 172(NT>=t4+M
NT = IDT(NT)
GO TO 15'

1100 CONTINUE
RETURN
EID
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SUBROUTI4Z TK39
COM.YON/ALLP/IPAR1 IPAR2, IOPESIbN I.,JJTAR( 32),JNHIHAND, I START.N CATCH
rCnYshan.f i n r'i NI n'kT r r a4 i. I AT 7 A I .' lN TAr fl; J Nt COf l T

COIMON/KON/ KON ST

COMMON/ SECT/ I1 2D, 1 39 D
COMfMlfN/CPARl/ TCŽ4AX. TOLAG. CRC, GAG
CO.MS40N/Ir439/r4RK39 (64),is1P39 (643a5B39C 64)JP39 12( 64)'JP3910( 64), I 39TI01'4MO0Nf/LT/RPCC 256), APC( 256), TC12( 256)J TC39C 256)
COiMON/ CFIL E/ CBX( 64), DC( 256)
COMMON/CNO/ LISTC(256),NKECTC,LASTC,FULLC,1I 2DEL
COMON4/VEL/ V 12,V 139
COMON/TFILE/TBX( 64)! JDT( 256)
COMION/TNO/LI STT( 256), N'ETT, LASTT, FULLT
COMM1O1N/TPAR1/RPT( 256), APTC 256), ES( 256) JVRS( 256) JOUT( 256), ISTA( 12)

COMMON/TPAR2/RSC 256), AS( 256), VAS( 256)
CO MONI TPAR3/ TT i 2( 2 56), TT 39t< 2 56J, *TIL i 2 C 2 56)J TTL 39 2 56)M i-2 So)
COMMON? TPAR4/K T 256), TF( 256), NTARG ET, N L Ev I SKI P

CO~~vw1O-rr% TPARt C n "Ie 8J 2J J- wA 8J CY 1 ) J- * Il -r% sA-G,- "~
COMMON/TPAR6/VRMIN4It A VAMIN, TNMAX, TFIX
COJ.JL4 U * * fAta. J * S 2% 5 a 5J .*tD

INTEGER FM39, AM39, TM39, TAG39, £439I YMTFM FR U IP. V39
INTEGER P39 12> P39 10
INTEGER RPT, APT, RS, AS, VRS, VASj ES
INTEGER OUT, CRT, CAT, TTMAXj TTLAG
INTEGER D, DI, RQ, DELRJ DELA, TH, RF, AM
INTEGER TT12, TT39, TTL 12, TTL39, TT
I INTEGER DEL T, , R MI N, V AM I i, TIMAX, TFIX-
INT EG ER FUL T.L DROPT
INTEGER TBX'
INTEGER TF
INTEGER TC;4AX, TCLAG, CMC, CAC
INTttEt F'ULL C, DROPC
INTEGER RPCJ APC, T712, TC39
W IA rJ4f Wt13D

IH=1I 39 1D I
4. VT & 5 - IXe

5 NT=TE3(IR)
! 5 GO TT UTEX

I FtNT) 10, 1050, 10
10 I FCKT(NT) -I FLI P) 1 000J 20, 1000
20 NDEL a=IABS(MRK39C IM)-TTL399NMT)

IFQNDaLI-16384) 40,*30s30
30 N DEL 1 327 67-N DELI 
40 IFCNDEL1- 150) 50, 50, 1070
50 NDEL2=I ASS(cRK39 C IH) -TTNrT))

IFNDEL2- 16384) 70, 60. 60
60 NDEL2=32i67-NDL2
7 0 NDEL2=NDEL2/625- 1

IF(NDuL2-8) '90,0,580
80 UDEL2=8
n% n Tl f T% P , v In rs O.77 1 ntA rL v L o %.L Ife.1 40t ,

JCRT=CRT(NOEL2, IFLI P+ 1)
J G A ,Tw CqAT 'P3 nf hi l 'O F l L: I , n '

:-1 61
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J=0
D=KON ST

210 IF(J-3 220.,220,400
220 JK- 1 39D J

IF (JK-64) 222,222,221
221 JK=JK-64

GO TO 224
222 IF (JK) 223, 223J 224
223 JK= 64.
224 J=j+ !

JB1PNP39(JK) + I
K= i

225 IF(K-51339(JK)) 230J,230,o2j0
230 DELJ-WIABS(Rc39(JB)-RPT(UT))

IF( DL.R-JCRT) 240., 30, 300
240 DELA=IASS(AM39CJB)-APT(NT))

IFCDELA- 16384) 260. 250, 250
250 DaA = 32767-DELA
260 CONTI NUE

IF( DELA-J CAT) 270 .30S. 300
270 N1DJD1=(63S*D2R)/JCRT

ND2:-C63*DELA)/JCAT
51D114D1*NDI
N D2=N D2*N D2
DI}-ND1l-ND2
TAG 39(JB)= I
IF(DI-D) 280,280,300

280 JCALL=JB
JSECT=JK
D = DI

300 K-K+I
3B=33- I
IF(JB) 310,310,225

310 4JEJ3+256
GO TO 225

400 IF(D-KONST) 410J,800JS 00
410 HM-R439(JCALL)

AM=A39 CJCALL)
ES(NT)= M839 (J CALL)
TH--T39(JCALL)
JT=NP39CJSECT)-NB39CJSECT)+2
IF(JT) 420.#420J430

420 JT=256FJT
430 RM39(JCALL)r=RM39(JT)

AM39(JCALL)=AM39CJT)
Ef39 (J CALL)=E439 0 T)
TM 39 (J CAL ) =T M39 JT)
TAG39(JCALL) = TAr39(JT)
TAG39 (J T) = 0
NB39(JSECT)=NB39CJSECT)- I
DELT- I ABSC TH- TT( W T) >
IFtDELT- 16384) 520, 510,510

510 DELT=32767-DflLT
520 CONTINUE

CALL FILTR( REM AM, DELT. NT)
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TT(NMT) = TH
TT39 CNT)=TH
TH = KRE39(CI2-)
CALL T4E39(TI-bTJIHH.MNT)
KK=C(T/ 10)*(VRSCNT)/125))/25
RPT(NT) = RS(NT) + KK
KK=( T/32)*( VASCNT)/ 187)
I' = ASNJT)/4 + KK/4
IF (.4-8192) 52iR 523, 523

521 IF (M) 522, 524,524
522 H=M+3 19 2

GO TO 524
523 M=M-8 192
524 APT('NT)=4*.A

I SECT=M0/ 12S+ 1
IF (IFLIP) 600, 525, 600

525 OUT(NT)=24576
C SET OUT

526 KTARG=TH-TT12(CNT)
IF (KTARG) 527, 528, 528

527 KTARG=}TARG+ 32767
528 'IF CKTARG-TTMAX) 531, 531, 529
529 OUT(NT)=8192
531 IF (CNT-NHAND) 533,532,533
532 OUT(NT)=OUT(NT)+1024

CALL AL PNM
533 IF (TF(NT)) 539.539,534
534 OUT(NT)=OUT(NT)+512

IF (TFJT)--1) 535,535,538
535 IF (AlCOWT-8) 536,539.539
536 NCOUNT=NCOUNT+ 

N TARPRCICOUTJYT-=ilT
TF(NT)= 5

536 TF(£JT) = TFCtN T)-1
539 IF (MCOD) 539 541,530
541 IF CIA3SCRS(NT)-NR(NT)).LT.97) GO TO 635

NR(CAT)=RS(£JT)
530 IF(ISECT-IH) 5410, 10Z%, 540
540 NS = NT

CALL TDROP(NT,IH)
CALL TNEWJ(S. ISECT)
GO TO 15

600 DELT=IABSCTN -TF(NT))
IF(DELT-163S4) 620,610,610

610 DELT=32767-DaLT
620 I FC DLT- TFrX) 530, 530, 630
630 IFCIABS(VRSCMT)) - VfRiIN) 640,670. 670
640 IF(IASS(VAS(CNT)) - VMItN) 690J610,670
670 KT(NT)=0

TF(N T) = 0
NJTARG ET=NITARG ET+ I
GO TO 530

685 N TARG ET=N TARO ET- 1
690 IF(FULLC) 720.720.700

C TiRASFER OF A TRACK TO THE CLUTTER FILE
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7 00 CALL CLTNO(NCC 1)
RPC(NC>=RS(NT)
APCCIC) =AS(NT)
TC39(NC)- Tt
TC12(NC)=TT1 2C(Tj
CALL CNJEW(NC,IISECT)

C DROP A TRACK
720 CALL TRKAOCNr, 0)

KTCNT)-63
OUT(NT)=- 
CALL TDWaPCNT, IH)
GO TO 15

c
C- -NO CORELLATION WITH THIS TRACK..

300 CONTINUE
TH = ARK39(IH)
DELT=TH-TT(NT)
IF (DELT) 870.8850.880

870 DELT=32767+DELT
380 CONTINUE

CALL TME39(TH, TJIHNT)
T=T+ DEL T
IF CIFLIP) 900,890J900

890 IF (T-TTAAX) 89lv391.889
900 IF (T-;TNAAX) 910.910.720
839 N TARG ST=N TARG ET- I

GO TO 720
891 OUTUNJT)= 24576

K1TARG = TH-TT39(NT)
IF(KTARG) 1,882.8S2

881 KTARG = 32767 + KTARG
882 IF(KTARG-TTXMA) SS5J885.J833
383 TT39(NT) = TH-TTLAG

OUT(NT)= 16384
*t rr In tk~l'T' ' MO'. 00 C00 C;1 Fs TT37 s N T " 3u o 5, o 

884 TT39(NTI = 32767 + TT39(NT)
885 CON TIN UE

910 KK=( T/ 40)*( VRS(NT)/ 148))/6
RPT(NTh = RS(NT) + KK
KK=(T/5Z)*(VAS(NTY/ 112)
H = ASCNT)/4 + XK/4
IF (M-8192) 921,923,923

921 IF (MY 922.924,924
922 C4M+8192

GO TO 924
923 Mf=-8 19 2
924 APT(NT) = 4*M

I S ECT=M/ 1 28+ I
IF (IFLIP) 530. 526. 530

1'000 NT=lDT(NT>
GO TO 15

1030 IF(IFLIP) 1 00,1060, 1100
1060 IFEIP = I

GO TO 5
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107 0 CON TI NUE
M.4=i4RK3Q( T)/2 '7tf7/(fX UIJQ/ I S

IF (A- 16334) 107So 107 I. 1071
107 1 M=M- 1 6 38 4
107 5 TTL 39 CMT) =4i+.

IJT = rDT(NT)
GO TO 15

1 1100 CON TIN UE
RETURiN

END

I
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SUBROUTINE NEW12
COMAON/DAT12/ R 12C256), a q12t 256), TM12 256). TAG12(2556)
COMMON/IN 12/MRK 12( 64),N P12( 64). NB12C 64), P1239 ( 64)., P1210( 64), I 12T
COMAON /VEL/ V12, V39
COMMit-J/TFIL/TBHC( 614), I DT( 256)
COiM40N? TNO/LI STTC 256) , N S•TT. LASTT, FULLT
COMMON? SECT/ 1120. I 39D
COt4MON/TPARI/RPT(256),APTC256),ESC256),VRSC256),OUT(256),ISTAC12)

COMMON/TPAR2/RSC 256), AS( 256), VAS( 256)
COAMOb/TPAR3/TT12( 256)., TT39( 256), TTL 12( 256), TTL 39 c 256), TTt 256)
COL4M051/TPAR4/KTC 256), TFC 256).NTARGETNELEV, I SKI P
COMMON/ TPAR5? CRT(C, 2). CAT(8, 2, 16). TTMAX, TTLAG
COMMON? TPARS/N R( 256) NWAO D

INTEGtR P1239, P121 0
INTEGER OUT, CRT. CAT. TThiAX TTLAG
INTEGER TF
INTEGER M 1 2J A4 1 2. T 12. TAG 12
INTEGER Vl12,1V39
INTEGER RPTj APT, RS, AS, VRS, VAS, ES
*INTEG ER TT 1 2, TT39, TTL 12, TTL 39, TT
INTEGER FULL T, DRO PT
INTEGEFR TBX

IH-I 12D
IF(IM) 10, 10, 20

10 1H-1=64
20 J3=NP12(IH) + I

K=1
50 IF(K-NB212(IH)) 60,60. 20
60 IFCTAG12(JB)) 70,80,70
70 TAG 12CJB)=0

GO TO 100
80 IF (FULLT) 100, 100,90

90 CALL TRlCNO(NTJ, 1)
KR=4 12(CJB'
XA'MX 12(JB)
RPT(NT)=iKKR
RS CN T) =K R
*NR(NT)=:R
APTCNT)=KA
AS (MT) =.KA
ESCNT)=0
VRS(NT)=0
VAS(NT) =
NTIM=TM 12(JB)
M=NTIM/2+32767/CV12/ 125)
IF 04-16384) 94J93,93

93 M=iM- 16384
94 TTL h2CNT) =M+M

TT12CNT)=NTII4
TT(NT)=NTIM
TF( N T) =N TIM
TT39CNT) = NTiM - TTLAG
IF(TT39(NT)) 91,92,9Z

91 TT39(NTY = 32767+TT39(NT)
92 CONTINUE
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I1=(K A-P1239( 1H) )/2
IF (IV)' 95.96,96

95 II-fI+ 16394
96 11I/(9CV39/250)

I 11I I+f TI4/2
IF (X1-163S4> 95,97,97

97 IXr XI-I6334
93 TTL39C(tsT)=tIt+I.

KT(NfTl= I
I SEGT=KA/512+ i
CALL Tl EW ( N T, I SECT)

l30 E=K+ I
JB=JB- I
I F(JB 150., 1 50p 50

1 50 JB=JB+I256
GO TO 50

200 CONTINUE
RET US
SJDD
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SUBROUTINIE N EW39
COM;O4N/DAT39/ Rt39(256).-AM39(256),TMSO(39t256).TAG39C256)shŽ139(256)
COMMOM/IN39/MFR39C 64).1NP39( 64),1N339( 64). P39 12( 64), P39 10( 64), I 39T
COMMON/vJEL/ 'V12J1V39
COAM4OA/TFILE THXC 6141, IDT 256)
COMLON/ TmOLI STTT 2256). J NE<TT. LASTT FULLT
COMMONSECT/ I 12},1 39D
COLA4ON4/TPAR1/ RPT( 256). APT( 256), ES( 256). VRSC 256).J O UT( 256), I STAC 12)

COTHON/TPAR2/RS( 256). AS( 256), VASC 256)
COMMOW? TPAR3/TT12(256), TT39( 256), TTL 12(256), TTL39( 256). TT(256)
COiMON/TPAR4ZiKT( 256), TF( 256),NLTARG ET, N EL EV. I SK I P
COMMONJTPAR5/CRT(S, 2). CATC(S 2. 16), TTAAXJ TTLAG
CO4MON/TPAR8'NR( 256.). A40 D

INTEGER P39 12.J P39 1 0
INTEGER OUT. CRT, CAT, TT>MAX, TTLAG
INTEGER TF
TNTEGER RM39, A4.9 r4M39. TA(39, EM39
INTEGER VI12. V39
INTEGER RPT. APT, RS., AS. VRSp VAS, ES
INTEGER TT12. TT39, TTL 12, TTL39, TT
INTEGER FULLT, DROPT
INTEGER TSX

IH=I 39 D
IF(IH) 10, 10i 20

10 IH464
20 J.=N P39 (I H)+ 1

K= 
SD ±FrK-.4t39 Ifl,) 60,6ZI,'2O0
60 IF(TAG39(JB)) 70,80,70
70 TAG39(JB)=0

GO TO 100
80 IF(FULLT) 100. 100,90
90 CALL TRKNO(NTp 1)

KR=EM39(Ja)
KA- AH 39 4 B)
RPTCNT)iKR
RS(NT) KR
NR(NT)=KR
APT(MNT) =KA
AS(NT) =KA
ES(NT)- E139 ( JB)
VRS(NT)=0
VAS(NT)=0
N TIM=TM39tJB)
t=MTIEM/ 2+32767/ (CV39/125)
IF (M-16384) 941,93.93

93 f=t-16384
94 TTL39CNT)=m+.M

TT39(gNT)=NTIM
TTCNT)=NTIM
TF(tT) =NTI 4
TT12CUT) = NTIM - TTLAG
IFCTT12(-NT)) 91,92,92

91 TT12CNT) = 32767+TT12(NT)
92 CONTINUE

69

I .



CANTRELL, TRUNK, AND WILSON

IF (II) 95.96,96
9 5 II=II+-16334
9 6 fl1I1/CV12/250)

IF (11rl6384) 9J,97,97
97 1111-f6384
93 TTL12(NT)=II+II.

XTCNT)= I
I SECT=KAJ 512+1
CALL TNEW(NTZ}SECT)

100 K=K+I
4J=48- 1
I FCJBf I 50. 150. 50

150 J8=JB+ 256
GO TO '50

200 CONTINUE
RETURM
EN D
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SUBROUTINE ALPNM
COMMON/ALfP/IPAR1 I IPAR2, IOPERNMU.JTARC 32) iNHAND. I START.,NCATCH
COMMON/TPARI/RPTC256). APT( 256), ES( 256>) VRS(256),OUT 256>),ISTA 12)

COMMON/TPAR2/ RS( 256), AS( 256), VAS 256)
COMONlTPAR3/TT12( 2S6) TT39( 256)J TT 12 256).J TT39(256> TT( 256)
COMMON/TPAR4.?KT 256), TFC 256),NTARGETNELEV. [SKIP
COturiOf /T'±rILVT iT64JJ~ oui 2S6)
INTEGER TT12TT39,TTl12,TTh39, TT
INTEGER RPT, APT, ES. VR.S OUT, RS, AS, VAS, TFTBC'
IF CIOPER) 1000.JI.JI

I Nmumt1

W M. PER=A t 10 PER+- 

.GO TO (100,f200,900. 106.g90,600,900.900,950).OPER
C TARGET -HANFFr IOPER=1I,,IPAR1t=TARGET, IPAR2= ICKLL REQUEST)

100 IF(IPAR2- 1) 105. 101, 105
101 WHAND=0

Gn TO 9 5CJ
105 NHAND=I PARS+ I

C TARGET PARAMETERS: IOPER44, lPARl=TARGET
106 IlIPARI+1

NU=6
JTARC l)=RS(I)
JTAR( 2>=ASCI >
JTARC3)=E5SC)
JTAR 4)=TT(I)
JTAR( 5) =VRS( I >
JTARC 6) =VRS(I)
GO T0 950

C TARGETS X1 AZIbIUT SECTOR:IOPE8 2,IPARI=AI.IPAR2-A2
200 ISECO=IPARI/512+1

IF (ISTART-I) 203,2055J203
203 ISEC 1=1 START
205 r SEC2=I PAR2/ 512+ i

IF (ISEC2-lSEClY2 206,203,208
206 1 SEC2=l 3SE2+ 64
20S CONTINUE

DO 250 IlISEChIoSEGC2

IF (K-64) 21L,211,.209
209 K-K-64
211 N TTBX K)
210 IF (NT) 251.250,F-215
215 IF NKT(tiT'j 240,220,240
220 NUf4=NUM+ I

JTAR(NAU4)=NT- I
IF (IM- -- 32) 240J945*945

240 NT=IDT(N T)

250 CONTINUE
I START= I
GO TO 950

C TENTATIVE TRACKS: IOPER=6
601 DO 650 I-ISTART; 64

NT=TBX( I >
610 IF (NTY 650,650,615
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615 IF (KT(NT)-1) 640,620J640
620 NUMZNUM+1 I

JTARCNUM)=NT- I
IF(NUM4-32) 640.,945, 945

640 N T- I DT(N T)
GO TO 610

650 CONTINUE
I START= I
GO TO 950

C :IOPER=3, TARGETS INSIDECIPAR2=1) OR OUTSIDECIPAR2=2) RCIPAR1)
C LIST TOTAL TRACK FILE: IOPE S5
C LIST HIGH CLOSING VELOCITY TARGETS: I1PER=7JIPAR=VELOCITY
c LIST TARGETS UNDER ELEVATION SEARCH: IOPER=3
900 DO 940 I=I START. 64

NT=TBX( I >
910 IF (NT) 940.,940.915
915 IF (KT(NT)) 930.920,930
920 GO TO (950,950,300,950.925,950,700,300,950),IOPER
300 IF CRPT(NT)-IPARI) 325,325.330
325 IF (IPAR2-lY 930,925,930
330 IF (IPAR2-2) 930,925,930
700 IF (VRS(NT)+IPARI) 925J930,930
300 IF (TF(NT)) 930,930,925
925 NUM'mNUM+ I

JTAR(NUM)=NT- 1
IF (NUM-32) 930, 945,9145

930 NT=I`DT( l'T)
GO TO 910

940 CONTINUE
I START= 1
GO TO 950

945 NULM=255
I START=I

950 IOPER---1
1000 RETURN

EN D
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SUBROUTINE ELEV
COMMON/FLU NDESTAR(4>. IAZIM( 16),NTARPR(S),NCOUNT
COMMON/ALP/I PAR1i IPAR2, IOPER.NUMJTAR( 32).NHAND. I STARTNCATCH
COMMON/TPAR2/RS( 256), AS( 256), VAS( 256)
COMMON/TPAR1?RPTC 256). APT( 256). ES(256), VRS(256), OUT( 256), I STAt 12)

COMMON/TPAR4/KT( 256), TFC 256), NTARG ET. NFL EV. I SKI P
COMMNON/TPAR3/TT12( 256)u TT39( 256). TTL 12( 256). TTL39 256), TT( 256)
COMMON/TNO/L! STT( 256),N ETT.,LASTT, FULLT
COMMON? CN LiSTC A256) . N ECTC. LASTC. AFLL rC. I 2DaA
COMMON/VELV 112, V39
DIMENSION NTNP(38)
INTEGER RSJ AS. VAS, RPT, APT, ES, VRS, OUT. TF. VI2,1V39
INTEGER TT12, TT39J TTL12.TTL39, TT, FULLT. FULLC
INIU=0

C REQUEST FOR ELEVATION ON NEW TRACKS
DO 10 I=1,4
K=NDESTAR( I)

3 IF (K) 0, 4.14
4 IF (K-256) 5,S.8
5 TF(K+ i)=0

NEL EV=4EL EV- I
GO TO 9

a INUM=IN>'+ 1
NELEV=NELEV+ I
NT=K- 255
TF(NT)=4
NTENP( IMN)M=NT

9 NDESTAR(I)=-l
}0 CONTINUE

C PROCESSING OF OLD REQUESTS
IF (NCOUNT) 25, 25, 12

12 NN=NCOLUT
N CO N T= 0
DO 20 II.,N
IF CINUM-8) 14, i6J 16

114 I N U = I N UM+ 1
NTBEl P( INUM) =NTARPRC I)
GO TO '20

16 NCOUNT=NCOUNT+ I
N TARPR(N CO UN T) =N TARPRC I)

20 CON TI N UE
25 I±NwU2 I=UA-i-+IN 

IF (INUM) 100,90.,26
C PREDICTION OF NEW POSITION

26 ISCAN=32767/(V39/250)
DO 60 IIt4UM2,2
I (I+I 1)/2
NT=NTEMP( II)
NDEL=TTL 39(NT) - TT(NT>
IF (NDEL) 30, 35.,35

30 NDEL=32767+NDEa
35 KK=((NDEL/40)*(VRS(NT)f 14s))/6

IAi;IfM(I+ li=RS(NT)+qK
KK=CNDEL/50)*(VAS(NT)/ 112)
M=AS(NT)/4+KK/4- 64
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IF (14-8192) 40,45,45
40 IF (Mi 42.J50J,50
42 MtM+ 8 19 2

GO TO 50
45 H=F14-B192
50 IAYESf()t4*M

IF (Ž1-7168) 60.J60.J55
55 IF (ND.L-I SCAN/2) 58, 60. 60

GO TO 35
60 CONTINUE

I N L=M I = I tiM 2-2
IF (IMUMJI) lJ90,J 65

C OflODRING OF TRACKS IN AErIzUTH
65 DO 80 I- I, I.I5U4I, 2 

[1=1+2
DO 80 J=1IIlNUM2,2.
IF (IMI£(I)-IAI14J)) 80,80.70

70 K=MIAZIM( -

IAZIM(I)-=l9Ml(J)
I AE! £4 tCJ ) I=K 51CJ

K=1AZ1m(I+ 1)
I AZIMCI. 1)=AZIM4(J+ 1)
I AZ}tJ IM(' > =K

80 CONTINUE
C E ERG FILL

90 ND=INtU2+ 1
IF CWMfD'16) 91.91. 100

91 DO 95 =NEND, 16
95 I ;zI Mll 1) = 

c STATUS PARAMETERS
110 I STAC 1)A=TARG ET

I STA(2)=255-FULLT
ISTA( 3>=255-FULLC
I STA( 4) =NCATCH
NCATCH=
I STA 5) =I 12DEL
I STAC 6) =N EL EV
I STA(C7)=I SKIP
1 SKI P-0
SJi 0
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COMMON/ELE NDESTAR(4),.IA5InC16)aM1TARPRC$),GCOUNT
COMMON/ALP/I PARt I PAR2, lOPER, NUb, JTAR 32) NIiAN I START.G4CATCH
COMMON/KON/ KONST

C-----INITIAL CORRELATION DISTANCE.
'CO9£4f0li/DATI2/HM12(256).,AI2(256),MT12(256),TAG12(256>
COMMON/DAT39/ Ra39C256).AA39C256)., T39(256)JTAG39C256),mJ 39C256)

C- MEASURED RANGE aAZILUTHj TIME TAG TO NOTE CORRELATION STATUS.

COM£40oN/1I39/i41R39(64), NP399(64),NB39C64). P39l2(64)JP3910(64)i,139T
C-----TIME OF SECTOR CROSSINGLOCATION OF LAST TARGET IN SECTOR IN
C--DATA FILE. NUMBER OF TARGETS IN SECTOR POSITION OF 39 AT
C-"-'--SECTOR CROSSING BY 12- POSITION OF 13 AT SECTOR CROSSING BY' 2.
C-----SIMILAR PARAMETERS FOR 39.

CO4iIOAN/VEL/ V 12JV39
C-----ROTATIONAL RATE OF RADARS--ISO DEG./SEC.. 2**15.

COiIlAONl/SECT/ I12DI39D
C-----NEXT SECTOR TO BE UPDATED MOD 64.

COMMON/ CLT/ RPC( 256) JAPC( 256) J TC1 2 2 56). TC39 (256)
C- - CLUTTER TRACK PARAMETERS.

.COMMON/CPARI/ TCMAX, TCLAG. CRCo CAC
C-----MAXIMUM TIME AN UNUPDATED CLUTTER WILL BE CARRIEFIXED LAG FOR
C-----A PARTIALLY UNUPDATED CLUTTERo CLUTTER CORRELATION REGIONS.

CO*T4ON/CFIL ECBXK 64), 1 DC 256)
C-----CLUTTtR MAP POINTERS.

..COMMONICNO1 LI STO(256). NECTC, LASTC FULL., I 1 2DEL
C-----CLUTTER TRACKS AVAILABLE.

.COMMON//TFILE/TBX(64),IDT(256)
C-----TARGET TRACK POINTERS..

COMMON/TNO/LI STT( 256).NZXTToLASTT, FULLT
C-----TARGET TRACKS AVAILABLE.

.' 'COMG1ON/TPARI/RPT( 256), APT( 256>, ES( 256), VRS( 256, OUT( 256>J
1 I STAC 12)

C-----PREDICTED AND SAOOTRED TARGET PARAMETERS.
-C. . OM'MON/TPAR2/RS( 256). AS( 256)J VASC 256)

C-----SMOOTHED FLEVATIONCFOR 39)*.
COMMON//TPAR3/TT 12(256>, TT39( 256), TTL 12(256). TTL39C 256), TTC256)

C-----LAST TIME TARGET UPDATED BY 1'2LAST TIME TARGET UPDATED BY 39,
C-----NFXT OPPORTUNITY TO UPDATE BY 12) BY 39, LAST TIME TARGET

COA4ON/TPARI/KTC256L'TF(256),NTARGET.,NELEVISKIP
C-----FLAG FOR INITIAL OR FIRM TARGETS, PACKED OuTPUToFIRST TIME TARGET
C---DETECTED.

COMMON/ TPAR5/ CRT(83 2), CAT(8J 2., 16).i TTZAX, TTLAG
C- TARGET CORRELATION REGIONS-AS A FUNCTION OF TIME INITIAL OR
C-----FIRM AND RAINGEP MAXIMUM TI'ME AN UNUPDATED TARGET WILL BE
C-----CARRIED, FIXED LAG FOR PARTIALLY UNUPDATED TARGET.

' * 'COMO /TPAR6/VRMI NMVA14IN, TNMAX, TFIX
C- M INIMUM AND MAXIMUM VELOCITIES TO DIFFERENTIATE TARGETS AND
C------CLUTTER, TIME UN UPDATED INITIAL TRACK WILL BE CARRIETIME
C-----WHZCH MUST ELAPSE BEFOR DECISION IS MADE ON rNITIAL TARGET.

COMMON/ TPAR7/RALPAC 128)/AALPAC 128), RBETA 128}), ABETAC 1Ž8)
C…FILTER PARAMETERS-2. = 2**155

-'.' COMM0Nf/TPAR/fNR 256)'. 1N-1D
G- ----OLD RANGE FOR DROPPING TRACK INTO CLUTTER FILE.

INTEGER C38
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INTEGER RM 12. AM 12, TM 12. TAG 12
INTEGER RA 39. AM39. TM39, TAG39, F439
INTEGER VI 2. V39
INTEGER P1239,P1210
INTEGER P39 12.J P39 10
INTEGER RPC, APC, TC 1 2. TC39
INTEGER TCMAX. TCLAG. CRC, CAC
IT ErrER OUTE CRTs PATj TT% ,AXv TTL AO

INTEGER FULLC, DROPC
INTEGER FULLT. DROPT
I N T EG ER RAL PA, AAL PA, RB ETA. AB ETA
INTEGER TF
INTEGER TBX
INTEGER DELTo T, VRMIN. VAMI N, TNMAX.s T]
INTEGER TT12, TT39. TT'12, TTL39, TT
INTEGER RPT, APT. RS. AS. VRS. VAS. ES

c
C- DECLARE FILTER PARAMETERS.

DATA
,0J

12.,
20.
25,
28.
30.
31.I
31,

DATA
I. 

12.
20.
25.,
28.
30.:
31,

. 31,

HAL PA/
IJ 1I

13J 14,
20. 21.
25. 25S
25. 28J
30, 30,
31. 31.
31J 31,
AAL PAS/
I, IJ

13. 14.
20. 21.
25. 25.
2g8 28.
3 al; 3 Os
31.s 31.
31, 31,

CALL DUMMY
VRMIN = 1200
VRFMIN=800
VAIIN = 820
TNMAX = 2125
TFIX = 2000
V12 = 10923
V39 - 8192
£ 'ttA . -=

rTL AG = 7000

2J
14,
21,
25.
28.
30,
31.
31.

2.
14.
21J
2S.
25.

31,

3J
1 5,
21,
25,
25.
30.
31,
31.

3,
1 5.
21.

25.
2S,

31.

4J
1 5.
22.
26.
29g
30,
31.
31,

4.
1 5,

22.
26.
29,
13 nrAno'
31.

5,
1 6.
22.
26c
29.
31.
31,
31J

5J
1 6,
22.
26.
29.
"I,
'1J

3 !.

6.
1 6.
22,
26.
29.
31.
31.

31J

6,

1 6,
22?
26.
29.

331,
31 J

7.
1-7,
23.
26.

29.
3 IJ
31.
31I

7J
17,
23.
26,
29.
3 1.J
31.

31, 31. 31, 31. 31. 31.

C
C- SET CORRELATION REGION S.
C-

CALL DUNMX

C----- INITIALIZATION OF AVAILABLE TARGET

NCATCH = 0
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Ex

8J 5, 9 1}0, 10. 11J 12J
17,. 8.. 1J,, 19.. 19,. 19, 20.
23, 23. 23, 2 4 24J 24, 24,
26. 27- 2'?! 27: 27. 27. 27s
29. 29. 30. 30 30 30. 30,
31, 31. 31. 31. 31, 31. 31,
31, 3IJ 3-1 i - 31i 31J 31, 3 1,
31. 31. 31, 31. 31. 31. 31/

8J ia - 9,- - 1 0, I 0J0 I 1,0 1 2.0

17. 18... [8.... ISJ,. 19. 19, 20J
23. 23, 23. 24J, 24. 24J 24,
26j 27. 27. 27. 27, 27, 27J
29, 29 30J 30 30J 30, 30s

.31* .31 '31. IJ J± 31. 31.s 31,
31. 31. 31, 31. 31. 31J 31.
31. 31-, 31-, 31, 31. 3!. 31/

iD CLUTTER TRACK NUMBERS.

(F

I
1
1
1
I
1

I

I

I
I
1
1
1

.. ... . . .

. ... ..

I
I
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ISKIP = 0
1 START = I
NOOUNT = 0
NDESTAR( I) = -1
NZDESTAR(2) = -I
NDESTAR(3) = -1
NDESTARC4) = -1
NTARGIET = 0
N L EV= 0
IOPER- I
N EKTC= I
NIETT = I
LASTC 256
LASTT = 256
FULL C= 255
FULLT = 255
DO 5 I= 1.256
I T=I+ I
LISTT(I) = IT
OUTC I):=- 1
KT(I) 63

5 LISTCGI}=rT
LI STC( 256) =0
LISTTC256) = 0
DO 1IO = 1.64

CBX(I) = 0
TBX(I) = 0

10 CONTIVUE
KONST= 16000
TCMAXC 5000
TOLAG=? 000
CRC= 64
CAC= 128
NMO0=0
CALL E)CCUT
END
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SUBROUTINE DUMMY
CIJUiIL'±VN( 1PAl/ r-uiPA( 23.i AA PA( 126), JTA 12Z )i , AKEA( 128)
INTEGER RALPAAAL PA RBETA ABETA

DATA RBETA/
1 0,- 0.0 - 0,
1 9J 10,0 I1J 12,
1 27. 28, 30, 31,
1 43J 44, 44J, 415,
1 51J 51. 52, 52,
1 46, 415, 44, 43,
1 32J 31, 30, 29.
1 29, 30. 30. 31,
DATA ABETA/

1 0. 0, 0. 0,
1 6, 7, 8, 9,
1 20, 21, 22J.23J
1 33, 34, 35, 35,
1 43JF 4 3;p-4 4J. 4.5.
1 46'.- 46.- 45, 45,
1 36J, 37.J 36, 35,
1 29, 29.s 29, 29,

RETURN
END

0.
1 3.
32.
46J
52J
42.
29,
31.

J0
1 0.,
24.
36,
45. ';

441J
34J
29J

1,
1 5,
33,
46,
52.
41,
28,
31.

1 0.
25,
37,
46.
44.
33.
30,

1 6.,
34J
47.
51,
40,
28,
32,

2,- 2,
17., 18,
35J 36J
47J 48,
51, 51,
40, - 39,
26. -27J
32, 32J

- ,- 1I- I,
' II I 12, 13.
26J 26. 27,
37J 38. 39.
4" 6p 4 6J* 4 6ip
44J . 43J - 43,

-33, -32, - 31.,
30J -30J 30.

3J 4Jp 4J 5, 6J 7. J 8 J
19. 20 21 21. 23 24J, 25, 26,
37} 38- 39J 41 G 40J Al 4- 42:-
48,- 49, 49Jp 50, 50., 50, 51.
50. 50. 49J 49. 48, 47. 46.
38. 37, 36, 35, 35. 34. -33,
27.- 28, 28. 28, 28. 29J 2g9.
32, 32, 32J 32J 33, 33, *33/

2. 3., 3. 4. 4. 5, 6.
14, 1 5. 16J, 17, 1S., ' 19,
28. 29, 30. 30' 3. - 32J, 33,
39J 40, 40, 41,- 41, 42, 42,

46J 47, ~47.r 47., 46J 46,4
42J 42, 4 1. 41., 40. 40, 39,
3 1, 30, 30. 30, 30, 29., 29,
30, 30, 30, 31.- 31. ' 31, 31/

*YSXTS5
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SUBROUTINE DUA4X
COi~4AO/ TPAX5/ CRTCS 3, 2) *CAT( 8. 2. 16). TTAA,. TTLAG

INTEGER OUT, CRT, CAT, TTAAX, TTLAG
DATA CRT /

1 192 2SP, 326, 332. 342, 356J 370, 334,
2 328 7 512/

DATA CAT /
1 16*512 ,

2 4010J 15*s52,
3 311, 396, 421, 446, 47 5,505,
4 260, 325, 350, 37 5. 404, 434.
5 214. 27 0, 295 320.,349, 379,
6 19 5., 245, 27 0, 295, 324, 354J
7 185, 230. 255, 280. 309, 339g
$ 1 30 223, 248. 273, 302, 332.
9 175, 218. 243J 268. 297, 327,
1 173. 214, 239, 264, 293. 323.
1 f1 3., 21 4, 239J 264, 29 3. 323.
2 173, 214. 239. 264, 293, 323,

2*512 J420. 7*512 J
47 4J 51 2,J 347J 7 *479 ,'

419. 463. 303. 7*409,
394 ,438, 274, 7*362 ,
379. 423J 253. 1*329 J
37 2, 41 6, 238. 7* 304 J
367J 41 1. 226, 1*284
363J 407. 216 7*269
363. 407. 216, 7*269,
363, 407. 2 16, 7*269 J

3 if 3J 2;I 4J 2 t39 , 2 c4, 2Yi n3J 33J' 6 uC4 uii 2C 7 24'O3 -

4 173J 214. 239. 26141 293, 323. 363. 4071 216. 7*269 ,
5 17 3,214 239 264, 293, 323, 363, 407, 216'7*269 ,
6 17S 3214, 239, 264, 293J 323, 363J 407, 216, 7*269/

RETURN
lN )

82



-4 . O f

NRL REPORT 7841

SUBROUTINE GTDA
COMMON /SECT/I 12D! 139gD
COMt4ObI/BIUF/IBUFC30),IIIC 1000) XST
IS = 1000-?ST
IF(NST. EQ.'1000) GO TO 20
W 10 I.=-IoiS

III-(I) = IIICNJST+I)
10 CONTINUE
2u 0 JI S- A._ 

READ BINARYC13) (IIl(J),J=JS, 1000)
IFCNST.ME.1000) GO TO 30

C ASSUMES 12 SECTOR FOLLOWED BY 39 SECTOR.
C

112D = 111(2)
I F(I 12D. EQ. 64) I 112D - 0
N = 3*1f(15)
139D = II'(1N+7)
IF(139D.EQ.64) 139D = 0

30 N ST = -
RETURN
END
SUBROUTINE SHIFTCN)
COMMONX/BUF/IBUF( 30). III C 1000),NST
DO 10 t = 1.N

10 IBUFCI) = IIICNST+I)
NST - NST + J
RETURN
END
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